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Erosion of farm and pasture land led to the planting 
of thousands of black locust trees in Iowa in an effort to 
hold the soil in place. The plantings were made between 1935 
and 1942 by the Soil Conservation Service, Some were success­
ful, while others failed. 
The present research was undertaken to gain further in­
sight into the response of black locust to environmental con­
ditions. The Soil Conservation Service plantings were ideal 
for this purpose since they were made in many types of 
habitat, ranging from the northern to the southern and from 
the southwestern to the southeastern boundaries of the state. 
The response of black locust trees to variations in 
climate and soil, rather than the often emphasized erosion 
control and fence post values, is the primary subject of this 
thesis. 
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REVIE^// OP LITERATURE 
Historical 
The black locust, Roblnla pseudoacaola L., Is a medium 
sized tree which may grow to a height of 85 feet. It has 
furrowed, grey-brown bark and 7 to 19 elliptic or ovate leaf­
lets. The flowers are white, vei'y fragrant and are borne in 
dense racemes 10 to 20 centimeters long. The seeds, 3 to 10 in 
number are borne in a smooth legume. The seeds are viable 
over a long period of years. Seeds buried in sterilized soil 
at a depth of 22 inches gave a 30 per cent germination test 
after 39 years of burial (60), 
The black locust was originally found on the slopes of 
the Appalachian Mountains and in the Ozark region (47), It 
has been planted extensively throughout the United States east 
of the Rocky Mountains, It has been planted west of the 
Rockies, also, particularly in Idaho where much of the black 
locust seed for nursery planting is grown (6), 
There are 3 growth forms of black locust. The pinnate 
form is the most valuable since the central axis of the tree 
is straight and unbranched. The spreading and palmate types 
are of little value (25). 
Black locust is of value as fence post material as well 
as for its soil-holding ability. It ranks second only to 
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oaage orange for durability in contact v/ith the earth (16, 17, 
55). Posts have been and are hard to obtain in the central 
states and it is possible to secure a yield of 1 to 2 thousand 
black locust posts per acre on low grade farm land in Iowa (63). 
The use of black locust for erosion control is due mainly 
to the characteristic spreading root system and the fact that 
it will persist for a time even in very poor sites (57, 41). 
In the Ohio Valley it was found that black locust gave much 
better results on eroding land than any other hardwood tree 
used (43). Auten (5) and Kittredge (38) have both called 
attention to the fact that grass grovia well under black locust 
and when moderately grazed forms a sod quite readily. That 
this feature of black locust plantations has considerable value 
in erosion control is obvious. 
Planting black locust in mixtures with conifers was deemed 
inadvisable by Kellogg (36) who found that the locust seedlings 
easily overtopped and shaded out the young conifers. Sugar 
maple seedlings, being more tolerant of shade, do well under 
black locust. 
The necessity for care in selecting planting sites has 
been emphasized by many writers (1, 7, 13, 21, 37, 49, 51, 53). 
Among the soil factors adversely affecting the growth of black 
locust are lack of calcium, poor drainage, poor aeration, 
excessive drainage of the subsoil, poor moisture holding 
capacity, high water table and impervious subsoil layers near 
the surface. 
Another factor playing an important role in the success 
and failure of hlack: locust is the locust borer. One variety of 
locust, Robinia pseudoacacia varo rectissimaj has an unusually 
straight trunk. This variety has shovm unusual resistance to 
the locust borer (17, 26), but in the central states it was 
found to be as susceptible as the common locust (7). Another 
locust, the so-called "Higbee" locust, gives promise of being a 
borer resistant tree. The Higbee locust was tested in southern 
Indiana by applying over 2,000 locust borer larvae to certain 
trees. Less than 20 larvae survived to reach the adult state (2 
The common black locust is usually subject to severe 
attack by the locust borer if conditions are ri^t. In some 
cases observed by Hall (23), a drought year combined v/ith 
severe drought destroyed plantings which had previously been 
comparatively free of borer damage. This was attributed to a 
change in the feeding habit of the borer. Normally, both a 
phloem and a wood feeder, the borer becomes almost entirely a 
phloem feeder under severe drought conditions. This may result 
in the girdling of the stems and death of the trees (15). 
Rapidly growing sprouts are usually free of borers, due in 
part at least to the smoothness of the sprout. This smooth­
ness seems to deter the female locust borer in her search for 
a place to deposit her eggs (22). For this reason, many 
plantations of slow growing young trees aire cut back to the 
ground after several years and allowed to renew the stand by 
fast growing sprouts from the root collars. The best time 
-5-
for cutting, if vigorous sprout growth is desired, is in late 
fall or winter (22, 47, 50), This method was observed by 
Hall (22) for a period of 5 years, and for that length of time 
the fast growing sprouts seemed to withstand the borers very 
well. How much longer the effect would continue has not been 
reported. The smoothness of the cork layers would seem to 
be dependent upon the continuity of the periderm layer (18), 
The Soil Factor and Planting Site Treatments 
The black locust is one of the few trees native to 
North America which has been introduced into Europe to any 
considerable extent. It is thought to have been introduced 
there in 1601 (6), 
An early report on the culture of black locust was made 
by Gaskill (19) in 1905. He observed extensive plantings in 
Hungary several years prior to publication of his paper. 
Utilizing the large areas of sandy, easily blown soil on the 
Great Danube plain, the people of Hungary grow black locust 
trees for posts and firewood. The trees were planted at 
intervals of 3 to 5 feet in rows 5 to 6 feet apart. It was 
considered necessary to cultivate before and after planting 
the trees, Gaskill (19) reported that bushes rather than 
trees were produced as a result of lack of cultivation. 
The black locust has been described by Mattoon (47) 
as possessing a spreading, well developed root system. 
particularly well adapted to planting in gullies for erosion 
control. He recommended that the trees be planted not closer 
than 4 by 4 feet. It grows very well and rapidly on rich 
soils, but can persist and make moderate growth on poorer 
soils. Vifhile the locust has been reported by Auten (5) to 
grow on poor sites, very poorly drained or excessively drained 
locations should be avoided. 
Nursery grown planting stock, one year from seed, should 
be planted in well prepared ground before the buds begin to 
swell in the spring (3, 47). Cultivation or mulching with 
straw are important to secure rapid growth (6, 14). Meginnis 
(48, 49) recommended that the ground be cultivated or plovired 
before planting. He reports that black locust planted on 
grassy areas adjacent to gullies, without cultivation or 
plowing of the area, showed a very heavy mortality. On the 
same site, splendid growth was obtained by plowing prior to 
planting the trees. He further stated that the trees in 
plantings vrhich had been cultivated bore more than twice as 
many leaves as the vincultivated check plantings and had 4 
times as much actual leaf area. This may have been due to 
improved soil aeration. Goile and Gaiser (13) report 
increased foliation as the result of more soil aeration. 
Roberts (53) presented data showing that the height 
growth of black locust was often directly correlated with 
the depth of the surface soil. Supporting this statement 
are observations made by Auten (4, 5), Auten's work covered 
site indices ranging from 37 to 133 in the central states 
area. Growth was determined to be related to the plasticity^ 
compactness and structure of the subsoil, but nitrogen, phos­
phorus and the organic content of the soil were not correlated 
with growth. Opposed to the ideas of Auten in regard to the 
importance of phosphorus are data presented by McComb and 
Kapel (45), These workers ascertained that phosphorus was 
very iKportant in the growth of black locust, and that liming 
to pH 6.9 increased the availability of phosphorus and resulted 
in increased growth. 
Gibbs and Llgon (20) stated that a calcareous influence 
in the soil was not always necessary for good locust growth, 
but practically no failures occurred when calcium was present. 
Failures in the absence of the element were too numerous to 
admit of easy explanation, Sittredge (38) also stated that 
black locust grows well on soils higj:i in lime. He also calls 
attention to the fact, observed by many others, that as the 
degree of erosion increases, the growth of the trees decreases. 
The erosion can be partially offset by the application of 
fertilizers adapted to the particular needs of the soil, 
since locust responds well to fertilization (38, 45). These 
facts would seem to cast some doubt upon the accuracy of 
Auten's (4) correlation work in regard to the importance of 
phosphorus. It has been shoT« that soil acidity apparently 
does not become a deterring factor in the fixation of nitrogen 
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in black locust root nodules (51). This eliminates nitrogen 
as a limiting factor and the work of McComb and Kapel (45) 
eliminates, in the Iowa soils used, potassium, v/hich leaves 
phosphorus alone as a controversial deficiency mineral. 
The work of Auten (4), Coile and Gaiser (13), Elttredge 
(38), and Thomson (58) indicates the need for definite infor­
mation on the structure and composition of the soils. Goile 
(12) has devised samplers for removing undisturbed cylinders 
of soil from sample plots. These can give much information 
to the research worker if properly handled. Brigga and 
Shantz (10) devised an indirect method of determining the 
wilting coefficient which is also useful. 
Aikman and Dilworth (2) showed a correlation coefficient 
of .64 between the moisture equivalent and wilting coefficient. 
Browning (11) stated that the moisture equivalent is equal to 
the field capacity at about 21 per cent on the soils he tested. 
Harding (24) also found that the moisture equivalent was equal 
to the field capacity at values near 21 per cent on his soils. 
Mathews (46), on the other hand, asserts that the field capac­
ity is lower than the moisture equivalents in the soils 
studied. Work and Lewis (77) also indicate that the field 
capacity is slightly less than the moisture equivalent. 
Veihmeyer (75) stated that the moisture equivalent equals the 
field capacity at values from 12 to 30 per cent. The general 
field of plant-soil water relations is comprehensively reviewed 
by Kramer (40). 
Learner and Shaw (42) and Schiff and Dreibelbis (56) 
have devised methods hy which the micropore and macropore 
apace within soil samples may he determined. Their method 
allows reasonably accurate determination of the degree of 
aeration possible at various soil depths. Boynton (8) 
reported that in heavy soils the presence of ground water is 
the limiting factor in the amount of oxygen in the soil. In 
sandy loam subsoils temperature, v/ith a resultant effect on 
microbiological activity, was the factor which resulted in 
lowest oxygen concentration levels in the soil air. Carbon 
dioxide fluctuates less than oxygen in heavy soils. The 
carbon dioxide is in highest concentration at the same time 
that oxygen is present in the greatest quantity. The impor­
tance of soil aeration has been emphasized by many workers 
but is very difficult to separate from moisture effects 
(6, 13, 14, 40, 58), 
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EXPERIMEKTAL METHODS 
The experimental methods will be described starting first 
with the most basic portion, the selection of the areas to be 
used in the research. 
Selection of Sample Plantings 
The black locuat plantings used in this research were 
all made by the Soil Conservation Service, except the 
Poweshiek county planting, during the middle and late thirties 
with one as recent as 1942. Since the plantings were fairly 
well distributed over the state, it seemed that the best 
range of environmental conditions would be obtained if plant­
ings were selected in an east-west tier of counties at the 
southern edge of the state, and a north-south series, directly 
above the easternmost southern county. 
Davis county, in southeastern Iowa, was decided upon as 
the pivot county. This decision was based on 2 considerations 
(1) previous successful plantings of black locust at the 
Experimental Farm in Davis County, operated by the Soil 
Conservation Service and the Iowa Agricultural Experiment 
Station, gave a solid basis for judging growth in other 
locations, and (2) the county was the best selection possible 
in an attempt to establish a straight north-south line of 
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plantings. Even so, the north-south line of counties is not 
as straight as was desired due to the total lack of plantings 
in Black Hawk, Bremer, Chickasaw and Howard counties. The 
east-west line is complete from Davis to Fremont county, except 
for Ringgold county in which no plantings were made. The 
plantings were selected to conform, insofar as possible, to 
the straight line east-v/est and north-south plan previously 
mentioned. There v/as no attempt made to confine the plantings 
to any particular soil type, this being accepted as part of 
the anticipated variations between habitats, Where possible, 
2 plantings were selected in each county, Davis, Mahaska and 
Poweshiek counties each had only one suitable planting 
remaining. Many plantings have been removed and the land is 
now cropped or in pasture. 
Description of Planting Sites 
The plantings are described in geographical succession, 
beginning with Davis county and its single planting site and 
progressing westward to Fremont county. The north-south row 
will start with Wapello county, just north of Davis and 
continue on northward to Winneshiek county which lies on the 
Minnesota state line (Figure 1)« 
The Davis county planting used was located in Lick Creek 
township, northeast quarter of section 21. The climate of 
this county is suited to the growing of all crops common to 
Figure 1. Map of Iowa with the location of the 21 black 
locust plantings marked and coded. 
letter County Township Section 
A Davis Lick Greek 21 
B Appanoose Douglas 1 
C Appanoose Johns 50 
D Wayne Benton 24 
E Wayne Benton 19 
P DecatxiT Center 21 
G Decatur Eden 30 
H Taylor Clayton 29 
I Taylor Mason 9 
J Page Nodaway 33 
K Page Tarkio 19 
L Premon t Walnut 10 
M Preraon t Sidney 10 
N Wapello Adams 2 
0 Wapello Highland 3S 
P Mahaska Jefferson 9 
Q Poweshiek Jefferson 12 
R Tama Columbia 15 
S Tama Salt Creek 11 
T Winneshiek Washington 25 











the corn belt. The aummera are hot and the winters are 
moderately cold. The mean annual temperature is 50.2°. The 
mean annual rainfall of 34.1 inches is usually T/ell distributed 
with about 50 per cent falling during the growing season. 
Winter precipitation is mostly rain, with some sleet. The 
average annual snowfall is only 20.3 inches. The prevailing 
winds are southwesterly in the summer and northwesterly in 
winter. The area is within the Weller and Lindley soil 
association, the planting having been made in Lindley silt 
loam, an acid soil which requires liming. Date of planting 
was 1940 and the spacing was 3.3 x 3.3 feet. The area was 
abandoned farm land from 1933 until 1937 at which time the 
Soil Conservation Service took it over. The site was treated 
with 3 tons of lime and 200 pounds of phosphate per acre in 
1937. Sweet clover was well established in 1939 and the 
black locust stock was planted in 1940. The Lindley loam 
soil is classed as poor cropland with a general productivity 
grade of 8, or the lowest grade in use in this area (61, 63). 
The soil parent material is glacial till from Kansan 
glaciation. 
Eaat~west tier 
Appanoose county is located in southeastern Iowa just 
west of Davis county (Figure 1). It is entirely within the 
southern Iowa loess soil area, and about one half the soils 
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are of loesaial origin, the remainder being of drift origin 
and representing areas from which the loeaaial soil has been 
removed by erosion. The soils of this area are acid and 
require liming for best crop growth (32), 
The climate of the county is suitable for cornj, small 
grain and livestock with the major emphasis on the latter. 
The mean annual temperature is 51.5° with hot summers and 
moderately cold winters. The normal average temperature is 
above 32° from March to October. The normal yearly precipi­
tation la 34,09 inches with a large proportion of the rain­
fall during the growing season, January is the dryest month 
and June the wettest (74), 
The easternmost planting in Appanoose county was in 
Douglas township in the southwest quarter of section 1 (64), 
The soil association area is Shelby, Grundy and Haig. The 
planting was made on Shelby loam, a prairie soil of Kansan 
till parent material (32), The planting was made in 1937 
when 4,465 trees were planted vri-th a spacing of 3 x 3 feet. 
The planting ad;joined a hog lot and v;as being used to shelter 
and graze the animals. The slopes of the planting site 
averaged about 12 per cent and -the aspect varied from north­
west to southwest. The planting, in general, looked very 
good and seemed to be thriving. It would appear that the 
trees had advanced 30 feet to the south of the original 
planting by means of root sprouts. The soil was apparently 
quite productive as shown by the presence of several shagbark 
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hickory trees on the south side of the plantings. There were 
some very good, tall, straight "black locust trees here and 
there in the planting. A survey of the planting for xonder-
growth in the early summer of 1950 yielded the following 
plants: Salvia reflexa Hornem., Triodanis perfoliata (L.) 
Nieuwl., Thlaspi arvense L«, Plantago virainica L., Leonurua 
cardiaca L. In addition to the foregoing plants some 
timothy and bluegrass were present. 
The western site in Appanoose county was located within 
Johns township in the southeast quarter of section SO. It 
was planted in 1937 and consisted of 5,900 trees planted at 
a 3 X 3 foot spacing (66). The soil association is Shelby, 
Grundy, Haig and the planting seems to be on a Shelby loam 
of Kansan till origin (32). This lot was on a west facing 
slope averaging about 8 per cent. The top of the slope was 
in alfalfa in 1950, following oats in 1949. The borers 
appeared to be very active within the trees judging from the 
large amount of fresh wood dust covering the tree trunks from 
the borer holes. There were no signs of recent grazing on 
this plot and the undergrowth was thick and well established. 
Over 400 posts of good size and quality were cut from this 
site in the spring of 1949. At that time it was estimated 
that 300 posts per acre were ready for cutting. There was 
no cutting in the spring of 1950. The early summer plant 
survey yielded the following plantsj Trlodanis perfoliata 
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(L») Nieuwl., Phleum pratenae L», Erlgeron annuua (L.) Pers,, 
Erlgeron strlgosua Muhl., Achillea millefolium L., Lactuca 
ludovioiana (Nutt.) Riddell, Anthemia cotula L., Verbasotun 
®P*> Qusroua sp., Ascleplaa sp., Rubua sp,, SolidaRO sp., 
Rhus radicana L. 
Wayne county is located in central southern Iowa adjoin­
ing the state of Missouri on the south and Appanoose county 
on the east. It is in the southern Iowa l,oess soil area. On 
a considerable area, however, there has been practically a 
complete removal of the loess covering and the earlier Kansan 
drift is exposed. Almost half the soils of the county are 
derived from this drift and are acid in reaction (28). 
The climate of this county is similar to that of 
Appanoose county in that it has hot summers and moderately 
cold winters. The average yearly rainfall of 33.27 inches is 
well distributed throughout the year but with over half the 
rainfall during the growing season (74). The climate is 
suitable for general farming. Livestock raising and feeding 
is of major importance in some portions of the county. Field 
crops are used primarily for feeding cattle and hogs» 
The eastern planting in Wayne county was located in 
Benton township in the southwest quarter of section 24 (71). 
The planting was made in 1940 at which time 1,100 trees were 
planted 6x6 feet apart. The soil on the area ia Shelby 
loam of Kansan drift origin (28), The soil association ia 
-17-
the Shelby, Seymour, and Edina (52). The planting was made 
on the south shore of the Corydon water reservoir. The slope 
averaged 9 per cent and had a northwest aspect. The under­
growth was thick and brambly. The trees did not appear very 
healthy and many had been badly damaged by the locust borer. 
There were several large openings in the planting where a 
number of trees had dropped out, apparently killed by the 
locust borer. Green ash, planted at the same time as the 
black locust, appeared to be doing quite well on the site. 
The early summer 1950 plant survey showed the follov/ing plants 
to be present and identifiable: Lobelia spicata Lam,, Oxalla 
stricta L«, Tradescantia aubaspera Ker., Capsella buraa-
pastoris L., Ranunculus hispidus Michx., Rubus flagallaria 
Willd., Achillea millefolium L., Erlgeron strigosus Muhl., 
Poa pratensla L. 
The western planting in Wayne county was situated in the 
northeast quarter of section 19 of Benton township. The 
planting was done in 1940 and at that time 500 black locust 
seedlings were planted with a 6 x 6 foot spacing (71). The 
soil is a Shelby loam although there was very little slope 
to the planting area (28), As a matter of fact, the area 
appeared to be a floodplain with a fairly large drainage 
ditch through the middle of it. The area was very closely 
grazed by sheep and this made the collection of identifiable 
plants smaller than usual. Plants observed were: Oxalia 
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gtrlcta L., Capsella bursa-paatorlg L., Taraxacum, sp., and 
Poa pratensis L. The trees were dying out rapidly. There 
were many more dead in 1950 than in 1949, apparently due to 
the heavy grazing and "borer damage. 
Decatur county lies in the south central part of Iowa 
immediately hordering the state of Missouri and just west of 
Wayne county. The region is part of the drainage basin of the 
Missouri River. Floodplains along the rivers and their trib­
utaries make up slightly less than one-fifth of the county 
area and a little more than half of the level land. Livestock 
again, as in Wayne and Appanoose counties, makes up over half 
the farm income. Glacial drift, loess, and alluvial materials 
are the 3 most important soil parent materials found in 
Decatur county. The glacial material is of the Kansan period 
(35). 
The climate of the county is similar to that of the fore­
going counties. The normal yearly average temperature is 
50.8° with hot summers and moderately cold winters. The 
yearly precipitation is 33*65 inches with more than half 
falling during the growing season. January is again the 
dryest month and June the wettest with over 5 inches of rain­
fall as a normal June (74). 
The eastern Decatur county planting was in Center town­
ship on the northwest quarter of section 21 (67), The soil 
is apparently Edina silt loam which is considered to be of 
low fertility and has restricted drainage. This soil has a 
distinctly acid reaction and requires liming for most of the 
crops raised in this area (35). The planting, of 1,630 trees 
made in 1937 and spaced 5x5 feet apart, was on low ground 
with a drainage through the center of the planting. The 
slopes draining into the area and a portion of the planting 
area slope averaged 7 per cent. The area was originally 
fenced but for at least the last 2 years or more it had been 
open to grazing by cattle. As of June 1950, earth beneath 
the trees was well churned up by the hooves of grazing ani­
mals. The planting was in much worse condition in 1950 than 
it was in 1949, Nearly all the trees were dead or dying 
and the undergrowth was very sparse with large, totally 
denuded areas. Since the area was so low it appeared quite 
likely that it was flooded for prolonged periods of time. 
Only 4 species of plants were found growing beneath the trees 
in a recognizable form: Oxalis stricta L., Capsella bursa-
pastoris L., Cynoglossum officinale L., and sparse bits of 
Poa pratensis L. 
The western Decatur county planting was in Eden township 
on the northwest quarter of section 30. Planted in 1937, it 
v/as composed of 4,000 trees planted 5x5 feet apart (67), 
I'he soil there is Shelby loam (35), This soil requires care­
ful cultivation to maintain fertility and prevent erosion. 
The planting was on high ground on a slope of varying aspect, 
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averaging 9 per cent. It v/as originally fenced off but for 
at least the last 2 years had been used as pasture for cattle. 
The area did not appear to have been overgrazed, however, and 
there was, in 1950, a good growth of bluegrass beneath the 
trees. The areas which once were badly eroding v;ere, to all 
appearances, held firmly by the combination of locust roots 
and partial bluegrass sod. Plants other than Poa pratensis 
L. were not plentiful. Achillea millefolium L. and Oxalls 
stricta L. were the only ones found. The locust borer did 
not seem to be a serious pest in this planting, but the trees 
were dying from the tops doYrtiward. It appeared that an insect, 
possibly the leaf miner, was defoliating the trees and thus 
destroying them in this area. The last 2 years had been 
especially bad in that respect, according to the tenant farmer 
on this bit of land. 
Taylor county is also in the southern tier adjacent to the 
Missouri state line. It is the third county east of the 
Tfissouri river. Nearly the entire county is located within 
the Shelby, Sharpsburg, Winterset soil association area (52). 
The agriculture of the area is general farming with consider­
able emphasis on livestock. The climate is of the hot 
summer, moderately cold winter type with an average yearly 
temperature of 50.9°. The average yearly rainfall is 33.37 
Inches, slightly less than that of Decatur county. The 
precipitation is distributed throughout all the months with 
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somewhat more than half of it during the growing season. The 
dryeat month is January and the wettest month June (74). 
The eastern planting of Taylor county was located in 
Clayton township, northwest quarter of section 29 (70)» The 
planting was on a drainageway and v;as a very moist site. The 
planting in general looked good and had a very heavy under­
growth containing ahout 5 per cent poison ivy. There was a 
gully through the planting but the trees and other vegetation 
seemed to be holding it to its present size. The trees were 
planted in 1941 on a 2 per cent slope with an eastern aspect. 
At that time 1,910 trees were planted with a 3 x 3 foot 
spacing. The soil of the site is Shelby loam of Kansan drift 
parentage and is acid in reaction requiring the application 
of lime (52). The early summer plants observed in June 1950 
were J Achillea millefolium L., Galium aparine L., Barbarea 
vulgaris R. Br., Spartina pectinata Link., Aaclepias sp.. 
Solidago sp., Rhus radicana L., and Acer negundo L. 
The western Taylor county planting in the southwest 
quarter of section 9 in Mason township was almost removed 
between July 1949 and June 1950 to make room for a small 
pond. The original planting in 1938 was 1,000 trees with a 
6x6 foot spacing (70), The center of the planting was 
cleared and an earthen dam thrown up across the east end of 
the planting during the late summer of 1949, At the present 
time, of examination in 1950, there were very few trees left 
-22-
atandlng, those remaining -were around the rim of the pond* 
The area was being used as part of a pasture for hogs and 
the animals had the border of the pond and tree area almost 
bare. The Sharpsburg soil supported only a few isolated 
plants, entirely Gapsella bursa-pastoris L. In 1949 there 
was a moderate sized gully through the center of the planting, 
so perhaps the dam was necessary to stop erosion in the field 
to the east of the planting. The 1949 ground cover seemed 
adequate to hold the soil but the planting area was in the 
drainageway of a considerable area of fields, both north and 
southv;est of the planting. The amount of water from such a 
large area may have proven more than the vegetation could 
withstand. 
Page county is located in southwestern Iowa just west 
of Taylor county. It lies in the Marshall and Shelby, 
Sharpsburg and Winterset soil association areas. The agri­
culture of Page county is primarily general farming including 
the growing of feed for livestock, mainly hogs and cattle, 
and a little dairying. Practically all of the soils in the 
county are acid and are in need of lime (30). 
The climate of Page county is one of hot summers and 
moderately cold winters. The average rainfall is 32.60 
inches, slightly more than that of Taylor county to the east, 
and this precipitation is distributed with a little more than 
one-half during the growing season and a small amount each 
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month throughout the remainder of the year. The dryest month 
is again January and the wettest is June, The average yearly 
temperature ia 50.8° (74), 
The eastern Page county planting was in the southeast 
quarter of section 33 in Nodaway township (69), This planting 
was made in 1938 on a Shelhy silt loam, derived from Kansan 
drift material {30), The trees were spaced 6x6 feet and 
2,300 were planted. It occupied a steep, 23 per cent average 
slope with a generally eastern aspect. Inspection of the 
site in 1949 showed a very heavy bluegrass cover; hov;ever, 
further grazing by cattle in 1949 and early 1950 had allowed 
the invasion of a number of forbs. The undergrowth in 1950 
had a fairly high percentage of bedstraw, Galium aparine L., 
and also a number of mullein, Verbascum thapsus L., plants. 
There were more down trees this year than last. The early 
summer plant survey revealed the follo^ving plants: Achillea 
millefolium L», Triodanis perfoliata (L.) Nieuwl., Erigeron 
annuus (L.) Pers., Capsella bursa-pas toria L,, and Poa 
pratensls L,, in addition to the plants previously mentioned. 
The western planting in Page county was located in Tarkio 
township in the southeast quarter of section 19 on Marshall 
silt loam (30). The planting took place in 1938 and 9,450 
trees were planted 6x6 feet apart (69). This area does not 
conform to a typical Marshall association profile in that it 
is very sandy from 36 to 48 Inches and probably deeper, since 
-24-
samples were taken only to the 48 inch depth (52). The plant­
ing was high on a slope averaging 5 per cent with a north to 
northeast aspect. The undergrowth waa heavy with a large 
amount of dock and bedstraw present. The area did not appear 
to have "been grazed and was completely fenced in. Plants 
observed in June 1950 werei Erigeron annuus (L.) Pers., 
Galium aparine L., Convolvulus sepium L., Taraxacum sp. and 
Rumex sp. 
Fremont county is located in the southwestern corner of 
Iowa, being bounded by Nebraska on the west and Missouri on 
the south. It lies entirely in the Missouri loess soil area 
composed of the Bottomlands, Monona, Ida, Hamburg and the 
Marshall soil associations. The agriculture is of the general 
farming type with most of the corn grown being used as feed 
for livestock. Many of the soils are acid in reaction and 
require liming for best growth of many crops (33). 
The climate is again of the hot summer cold winter type 
with an average yearly temperature of 51.9° and an annual 
rainfall of 32.45 inches, with over half the precipitation 
falling during the growing season and the rest fairly well 
divided between the remaining months of the year (74). 
The eastern Fremont county planting was in Walnut town­
ship, section 10, the northeast quarter (68). The soil is 
probably Marshall silt loam of Peorian loess derivation (33). 
There were 2,000 black locusts planted 6x6 feet in 1941 on 
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the floodplaln of a drainage area. There was a corn field on 
one aide of the planting and an oat field on the other. The 
vegetative grov/th beneath the trees was quite heavy and seemed 
to be largely Galium aparine L« The site was apparently 
ungrazed and there appeared to be little soil erosion within 
it. Outside the planting, 20 yards to the north, a gully 
approximately 2 feet deep had formed and seemed to be growing 
larger. The plants observed in this planting in addition to 
the large quantity of bedstraw previously mentioned, were: 
Erlgeron annuus (L.) Pers., Erigeron strigosus Muhl., Oxalla 
stricta L., Oxalis oymosa Small, and Thalictrum revolutum DC. 
The western planting in Fremont county was in the north­
west quarter of section 10 of Sidney township {68). The soil 
is Wabash-Judson silt loam (33, 52). The planting was made 
in 1937 and consisted of 4,000 trees with a spacing of 4 x 4 
feet. The planting was on a heavily eroded area and the 
slope varied from 3 to 20 per cent. The planting was in 2 
main parts, one on the south and the other on the west of a 
large corn field. The south planting had a deep gully through 
the center of it, but the soil was moderately well held and 
the headward erosion of the gully seemed to be stopped for 
the present, at least. The western planting had a smaller 
gully running through it and the ground was very well held 
by vegetation at the south end but a large gully was growing 
by headward erosion out of the north end of this planting. 
A small, 18 inch high black locust seedling had established 
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itself on the nearly vertical wall at the north end of the 
gully but would probably not survive many heavy rains. Plants 
observed growing in the planting were; Lepidium virginicum 
Chenopodium alburn. L., Rhus radicans L,, Galium aparine L., 
Ranunculus abortlvua L., Convolvulus seplum L., Asclepias sp.. 
Ambrosia sp,, Hellanthus sp., Cirsium sp., Lactuca sp. 
Worth-south series 
Wapello county is found in southeastern Iowa immediately 
north of Davis county and in the fourth tier west of the 
Mississippi River. B'our different soil association areas are 
found in this county, the Clinton and Lindley, Weller and 
Lindley, Mahaska and Taintor and the Grundy and Haig. General 
farming is the type of agriculture followed most extensively 
in this county. The feeding of cattle is an important industry 
and constitutes one of the main sources of farm income. Hog 
and sheep raising are also of some Importance. The soils of 
the county are nearly all acid in reaction and require appli­
cation of lime for best crop growth, particularly for legumes 
(27). 
The climate of Wapello county is not radically different 
from that of its nei^bor on the south, Davis county. The 
average normal rainfall is 33.63 inches with a little more 
than half falling during the growing season. The annual 
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temperature averages 51.8° with hot summers and moderately 
cold winters to be expected (74). 
The southern planting in Wapello county was in Adams 
township and was in the northeast quarter of section 2 (65). 
The soil is Lindley loam which has the Kansan till as parent 
material (27). The planting was done in 1937 at which time 
1,500 trees were planted with a spacing of 3 x S feet. The 
planting was on a generally south facing slope averaging 2 
per cent. The planting was made in 2 parts. The northeastern 
planting had only 2 trees left alive in 1950. The south 
planting thrived for a time, but in 1950 there v^ere many tall 
trees dead at the tops, but sprouting around the bases. A 
very large gully running throu^ the south planting seemed 
to be largely held in check by the trees and other vegetation. 
The undergrowth was heavy with many gooseberry bushes in it. 
Elm seedlings, some as much as 6 feet tall were invading the 
planting. Plants observed in early summer of 1950 were: 
lobelia spicata Lam., Erigeron strigoaus Muhl., Solanum 
rostratum Duval, Verbena hastata L., Phleum pratense L., 
Quercus macrocarpa Michx. (a seedling), Poa pratensis L., 
Galium aparine L., Rhus rad leans L., Sanicula mar Handle a L., 
Ribes missourienae Hutt., Garex sp.. Polygonum sp. 
The northern site in Wapello county was situated in the 
northeast quarter of section 33, Highland township (65). The 
soil seems to be Weller silt loam (27). Planted in 1936, the 
-28-
9,200 trees were set out with a spacing of 6 x 6 feet. This 
planting was long, narrow and "U" shaped. It was planted on 
the sloping sides of a broad gully. The slope ran frora 3 per 
cent to 40 per cent and the aspect varied from southeast to 
northeast. The area was heavily grazed and there v;ere large 
bare trampled areas beneath the trees and in the pasture 
around them. The trees were dying out rapidly due in large 
part to the borer attacks. Several dead trees, when the bark 
was peeled off, proved to have been girdled by the locust 
borer burrows, A plant survey in early summer 1950 revealed 
very few plants. Those found were; Erigeron strigoaus Muhl,, 
Solanum rostraturn Duval, Poa pratensis L. and Gapse11a bursa-
pastoria L. 
Mahaska county is located in central southern Iowa north 
of Wapello county and in thefourtiitier west of the Mississippi 
River, The soil association areas covering parts of the 
county are the Mahaska and Taintor, Clinton and Lindley, 
Shelby, Grundy and Haig, and the Weller and Lindley, General 
farming is the type of agriculture followed in this county. 
Most of the Mahaska county soils are acid in reaction and 
application of lime is necessary for satisfactory crop yields, 
particularly for legumes (29), 
The climate of this county is similar to that of Wapello 
with an average annual temperature of 50,1,7° cooler than 
Wapello, and a normal annual rainfall of 32,54 inches, with 
about half the precipitation during the growing season (74). 
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The single Mahaska county planting was in Jefferson 
township, southeast quarter of section 9 (64). The soil is 
a Lindley silt loam derived from Kansan till material (29). 
The trees were planted on a long 9 per cent slope with a 
western aspect in 1936. The number of seedlings set out was 
15,850 and they vrere spaced 3x3 feet. In the early summer 
of 1949 approximately 1 per cent of the trees v;ere alive. 
The death of the trees was probably due in a large measure to 
the locust borer. Many of the trees were sprouting at their 
bases and there were a number of elms and willows growing 
from the gully through the center of the planting. Plants 
observed during the early summer of 1950 werej Aaclepias 
ovallfolia Dec., Euphorbia corollata L., Achillea millefolium 
L., Convolvulus aepium L., Rhus radicans L., Galium aparlne 
L. and Oxalis striata L. 
Poweshiek county is located north of Mahaska county in 
the fifth tier west of the Mississippi River. The soil 
association areas found within the county are the Tama and 
Muscatine, Mahaska and Taintor and the Fayette. General 
farming is the type of agriculture mainly followed in this 
area. The soils of the county are all acid in reaction and 
hence in need of lime if yields are to be satisfactory, 
particularly for legumes (34). The annual precipitation is 
33.40 inches and the average annual temperature is 49.4° with 
hot summers and cold winters (74). 
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The sole planting in Poweshiek county was one for which 
there were no planting records availablee It was in the 
northeast quarter of section 12, Jefferson townshipo Increment 
borings indicated that it was planted in 1932, but no informa­
tion on the number or density of trees planted could be fo^^nd. 
The soil ia a Wabash silt loam and the area had an 8 per cent 
slope (34). The trees were on the lower half of a swale 
which ran north and south. The site was grazed by hogs and 
cattle, but not excessively. The black locust trees were 
exceptional in size, being the largest found in any of the 
counties. A strip of woodland extended one-quarter mile south 
of the point at which the black locust stopped. There were 
maples mixed in with the black locust, but as yet they had 
not overtopped the locusts. The trees seemed unusually free 
from borer damage. Plants observed on the area were: 
Pastinaoa aatlva L., ErlReron atrlgosus Muhl., Galium aparlne 
L., Sisymbrium officinale (L.) Scop., Geum laciniatum Murr. 
Tama county is located in central lov/a north of Poweshiek 
county in the fifth tier west of the Mississippi River. The 
soil association areas included within the county are the 
Tama and Muscatine and the Payette (52, 62). 
The climate of the county ia a humid ccntinental climate 
with long, hot, humid summers and moderately cold winters 
v/hich alternate between periods of subzero and mild tempera­
tures. The average annual temperature is 48.8° and the 
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average frost free season is 152 days. The mean annual rain­
fall is 33.56 inches, over half of which occurs during the 
months from May to September (62, 74). 
The southernmost black locust plot in Tama was in 
Colunibia township in the northeast quarter of section 15 and 
seemed to be on Y^abash Judson silt loam (62, 73). The plant­
ing was done in 1941 and consisted of 2,500 seedlings spaced 
6x6 feet. The plot was in a bottomland area and occupied 
both aides of a small creek. The long axis of the planting 
was in an east west line. On the north was a slope of 12 per 
cent extending about one-fifth mile. This slope was planted 
to alfalfa in 1950, To the north was a shorter 10 per cent 
slope about 200 yards long. Drainage for the area is through 
the small creek in the planting. The planting seemed to be 
doing very well. There were comparatively few down trees and 
few broken out tops. It would seam that this v/as a somewhat 
sheltered site. The entire area was grazed by cattle, but 
did not seem overgrazed. The plant survey in early summer, 
1950 showed the following plants to be present in identi­
fiable form: Ranunculus abortivus L., Taraxacum erythro-
spermum Andrz., Gapaella bursa-paatoria L., Cerastium nutans 
Raf., Triodanis perfoliata (L.) Nieuwl., Galium aparine L., 
Erigeron strigosua Muhl., Erigeron annuus (L.) Pers., and 
Sisymbrium officinale (L*) Scop# 
The northern Tama county planting was in Salt Creek towi-
ahip in the northeast quarter of section 11 and is on Wabash 
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silt loam soil (62, 73). This planting, made in 1942 with 
3,980 seedlings planted with 6x6 feet spacing, was on an 
east facing slope which varied from 5 to 30 per cent. The 
lower portion of the planting was in the farmer's yard and 
v;as trampled "bare by cattle kept there. Hi^er up the 
slope there vras a fair amount of grass and forb ground cover. 
The trees seemed to be in good condition, although a number 
of the smaller trees were being overtopped and were dropping 
out as a consequence. The tallest trees and the lowest 
density of stocking occurred at the bottom of the slope in 
the area used as a feed lot for the cattle. Except for the 
feed lot area, there did not seem to be any erosion taking 
place within the plot. Plants observed were: Oxalis 
corniculata L., Anthemis cotula L., Verbena urtlcifolia L., 
Chenopodium album L., Erigeron annuus (L.) Pers«, Trlodanis 
perfollata (L.) Nieuwl., and Leonurus cardiaca L. 
Winneshiek county is the northernmost county in which 
samples were taken. It lies on the southern Minnesota 
border and is the second county west of the Mississippi 
River. The soil association areas included within the county 
are Tama and Downs, Payette, and Fayette, Dubuque, and Story 
Land. General farming is the type of agriculture most 
widely practiced in Winneshiek coiinty. Most of the soils in 
the county are acid and require liming for best crop growth 
(31). 
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The climate of the county is considerably colder than 
that of the southern counties. The average normal temperature 
is 44.6° with colder winters and somewhat cooler summers than 
those of the more southern plantinj^s. The yearly precipita­
tion averages 32.93 inches (74). 
The southern planting made In 1940 of 747 trees spaced 
4x4 feet in Winneshiek county was in the southeast quarter 
of section 25 in Washington township on Tama silt loam derived 
from Peorian loess (31, 72), The plot was located in a low 
swale between a cornfield and an alfalfa field. The com 
field drainage vms through the north side of the planting. 
There was a heavy borer infestation. Many of the trees had 
their tops blown down due to a weakening of the stem by a 
concentration of borer holes. The site looked better in 
early summer 1950 than at the same time in 1949, There were 
more locust sprouts and a heavier vegetative ground cover in 
1950 than in the previous year. Due to the late spring and 
the generally cooler climate, the plants were less readily 
identifiable than those farther south. The plants observed 
were: Achillea millefolium L., Capsella bursa-pastoria L,, 
Solidago sp., Artemsia ap., Cirslum gp., Chenopodium sp., and 
Rumex sp. The ground cover consisted largely of bluegraas, 
Poa pratensia L. 
The northern planting in this county was in Canoe town­
ship, northeast quarter of section 26 (72), This area was 
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planted with 1,000 trees at a 4 x 4 foot spac5.ng. The work 
was accomplished in 1940 on a portion of the county in the 
"Rough, Stony Land" soil association area (72). Situated 
on high ground near the top of a hill, the planting appeared 
to be in good shape. The soil was very thin, with solid 
limes tome at 12 inches, and the slope averaged 12 per cent. 
There were very few trees down, hovirever, and the planting 
seemed comparatively free of borers. Plants observed in 1950 
were J Rosa Carolina L., Galium aparine L., Achillea mille­
folium L., Helian thus sp,. SolidaRO sp,, Artemisia sp., 
Girait'un sp., Rubus sp., Quercua sp. (seedling). 
Sampling of Sites 
Size and interval of sample unit 
The odd sizes and shapes of black locust plantings to be 
sampled required a modification of the traditional quadrat 
form. The sample unit best suited to this research w^as a 
circle, 1-100 acre in area. This type of sample unit tends 
to minimize border effects in narrow plantings, a very 
desirable feature since many of the plantings were long and 
narrow. The sample of each planting was composed of 1-100 
acre circular units at intervals along a line or lines, 
depending upon the shape of the plot, through each planting. 
The length of the interval used was 20 paces, slightly less 
than 1 chain. 
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Fhyslcal measurements of the trees 
The measurements taken within each unit of the sample 
were the following. The butt diameter of the trees was 
measured with tree calipers. The reading was taken above any 
buttress or sT^elling which might be present. Such swellings 
are common and are often the result of injury to the tree 
caused by the locust borer. The diameter at 4.5 feet, the 
d.b.h. or diameter breast high, was also calipered for all 
trees included in each unit. Tree height was measured with 
a demountable measuring pole marked off into 1 foot lengths. 
Trees higher than 30 feet were measured with an Abney level. 
Using the d.b.h. the average diameter for each sample unit 
was computed on the spot and increment borings were taken 
from the average tree or trees. In the event that there were 
no average trees, several trees, or if necessary, all the 
trees were bored, using a standard Swedish increment borer. 
Qualitative data 
In addition to the physical measurements of the trees, 
qualitative values for each sample were also taken. The 
borer damage to each tree within a sample unit was ranked on 
a 1 to 10 scale with 1 representing very heavy borer damage 
and 10 very little or no damage to the tree, from borers. 
The roughness of the bark was ranked on the same scale as 
the borer damage, 1 standing for very rough bark and 10 for 
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very smooth barko Dead trees 'within sample -units were examined 
as thoroughly as possible in an effort to determine, if possible, 
the cause of death. Most tree death causes fell into 2 cate­
gories, locust borer damage and unsuitable habitat. The value 
of the trees in their condition at time of measurement for use 
as fence posts, was also evaluated. The number of posts which 
could be obtained from the tree if it were cut at that time was 
used as the criterion of evaluation. Each sample unit was 
photographed to facilitate later comparison with other plotsj 
in addition, each planting was photographed from the exterior 
to provide a general view of the condition of the planting. 
Ground cover determln ation a 
The sampling of vegetative ground cover over large areas, 
widely separated in time and geographic location, presented 
a problem. The areas had to be sampled within a short period 
of time or the values obtained would be invalidated by dif­
ferences in opportunity for growth in the various sites. 
Since the plantings are widely separated, from the extreme 
southwestern county to nearly the most northeastern county of 
the state, the travel from one to the other occupied more 
than a day's time. For this reason, the plant sui'vey was 
done in early June 1950. 
For large area sampling over varied terrain, the point-
list method was selected as the most suitable. A point-list 
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sampler with 10 points 3.5 Inches apart was used. Hits, or 
contacts between a point and vegetation, were counted only 
when the contact occurred at the ground level. The vegetation 
i, 
' 
was classified into 4 life forms; grass, forbs, vines and 
shrubs, tree seedlings and a fifth cat0goi*y of bare ground. 




The soil samples were taken in duplicate. A Coile type 
sampler (12) was used to take undisturbed cores from the 
surface, 6, 12, 24, 36 and 48 inch depths. The sample being 
1.5 inches deep, extends the actual sample that distance 
below each depth given. A California type auger was used to 
bore the holes from which the various depths were sampled. 
To reach these depths required the addition of an extension 
handle on the Coile sampler. 
Laboratory determinations from soil samples 
The undisturbed soil cores were used to determine volume 
weight, capillary porosity or micropore space and the aeration 
porosity or macro pore space of the soil. The latter 2 deter­
minations were made by using a porous ceramic plate and 40 
centimeters of water tension (42). These determinations were 
-38-
made on the soil cores from all 6 depths. Moisture equivalent 
values were also determined from the core samples (9). ?/ilt-
ing per cent of the soil at the several depths was computed 
from the moisture equivalent values (10)• A moderately 
accurate determination of field capacity can also "be obtained 
from moisture equivalent determinations (11, 24, 75, 77), 
Bisect Studies 
Bisect studies of the roots of the "black locust tree 
were decided upon to be positive that the soil sampling had 
been done to an adequate depth. In May 1950, 3 bisects were 
made at the Davis county plantings. The trenches were dug 
10 feet long, 4 feet wide and 2 feet deep in 2 of the bisects 
and the same length and width, but 8 inches deep in the third. 
The third bisect had a trench 14 inches deep and 12 inches 
wide at the outer side, which was used to determine the number 
of roots at the lower depths. The soil was picked away from 
the roots with ice picks and brushed to the outer edge by 
hand before being shoveled out of the hole, A great deal of 
care was necessary to prevent breaking and losing roots. The 
finer roots were impossible to save since it rained all during 
the operation and the Lindley silt loam soil, which has a 
heavy clay subsoil, became very sticky and clung tenaciously 
to the fine roots. 
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The Periderm of Black Locust as Related to Borer Damage 
Previous ?rark and field observations had indicated the 
possibility of a correlation between bark roughness and borer 
damage. This led to the collection of stem samples for a 
study of the periderm. Samples were collected from badly 
borer damaged and lightly borer damaged trees. Using stan­
dard methods as recommended by Sass (54), the samples were 
subdivided and killed in F.A.A. solution. At the end of 7 
days the P.A.A. solution was replaced by F.A.A. in which 
glycerine was substituted for 20 per cent of the alcohol. 
A week later, the samples were placed in a solution of equal 
volumes of glycerin and ethyl alcohol. Using a sliding 
microtome, transverse sections 30 microns thick were cut and 
then stained in aafranin. The sections were mounted in lacto-
phenol to which a small amount of aniline blue had been 
added as a counterstain. Examination and determination of 
periderm continuity could then be made immediately, or several 
days later, since the mounts are serai-permanent. Greenhouse-
grown seedlings were used to determine the time of periderm 
initiation. The seedling stem samples v/ere taken from the 
internodes, killed in Graf III (54), dehydrated throu^ a 
dioxane series, then embedded and cut in paraffin. 
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RESULTS 
The results are presented in the same order as that of 
the description of planting sites, from Davis county west­
ward and from Davis county northward. 
Growth Data by Planting Sites 
The growth data for each planting site are in the follow­
ing order: survival of the trees in relation to the original 
number of trees planted and the 1949 density; the size of the 
trees as determined by physical measurements; the average 
yearly increment obtained from the increment borings taken 
from average trees; the site index as projected to a 50 year 
plantation; the ground cover as it v/as experimentally deter­
mined using the point-list method. 
Plantings A to U 
With one exception, the trees were planted from 1936 -
1942, The density of planting was still another variable, 
ranging from 3x3 feet to 6 x 6 feet. These dates and dif­
ferences in plantings are summarised in Table 1. The table 
gives a comparison of per cent total survival and per cent 
mortality per year since time of planting. The trees 
Table 1. Average survival of black locust trees 
on 21 plots In 12 Iowa counties, 1949, 














Davis Lick Creek (Af 21 1940 3,869 933 24.1 7.6 
Appanoose Douglas (B) 1 1937 4,900 700 14.3 6.6 
Johns (c) 30 1937 4,900 725 14,8 6.6 
Wayne Ben ton (D) 24 1940 1,296 550 42.4 5.8 
Benton (s) 19 1940 1,296 600 46.3 5.4 
Decatur Center (F) 21 1937 1,764 700 39,7 4.6 
Eden (G) 30 1937 1,764 525 29.8 5.4 
Taylor Clayton (H) 29 1941 4,900 800 16.3 9.3 
Mason (I) 9 1938 1,296 940 72.5 2.3 
Page Nodaway (J) 33 1938 1,296 800 61.7 3.2 
Tarkio (K) 19 1938 1,296 500 38.6 5.1 
Premon t Walnut (L) 10 1941 1,296 566 43.7 7.4 
Sidney (M) 10 1937 2,704 675 25.0 5.8 
Wapello Ad ams (®)  2 1937 4,900 425 8.7 7.0 
Highland (0) 33 1936 1,296 666 51,4 3,4 
Mahaska Jefferson (P) 9 1936 4,900 50 1,0 7,1 
Poweshiek Jefferson (Q) 12 1932 no data 500 - -
Table 1, (Continued) 
Trees Trees Per cent 
Date of per acre per acre Per cent mortality 
County Township Sec. planting planted 1949 survival per year 
Tama Columbia (R) 15 1941 1,296 1,030 79.5 2.3 
Salt Creek (s) 11 1942 1,296 800 61.7 4.8 
Winneshiek Washington (T) 25 1940 2,704 425 15.7 8.4 
Canoe (u) 26 1940 2,704 850 31.4 6.9 
Total average 2,583 655 35.9 5.75 
"^Plantings A - U 
per acre planted are also presented to permit comparison with 
the number of trees per acre which had survived. 
The plantings are henceforth arbitrarily referred to as 
"good", "medium" and "poor", on the basis of their average 
annual increment. The "good" group is composed of those 
plantings which had average annual increments of 0,42 to 
0,38 inches. Inclusive. The "medium" group had increments 
of 0.37 to 0.31 inches, inclusive, and the "poor" group had 
increments from 0.28 to 0.20 inches. 
Planting A 
The Davis county planting had a survival rate of 24.1 
per cent or 933 trees per acre. An idea of the density of a 
stand of this type may be had from Figure 2. 
The average tree measurements for all the sample units 
taken from each planting are presented in Table 2. The Davis 
county trees were somewhat below average in butt diameter 
and d.b.h. but were taller than the average of all the trees. 
On the other hand, the Davis county plantings averaged more 
posts per tree than the mean of all plantings. In increment 
per year, the Davis county plantings were above the average 
as is shov/n in Table 3 which presents the yearly average 
diameter increment for each planting. 
One of the difficulties encountered with such v/idely 
separated research areas was the variation in site quality. 
Figure 2. General view and sample units of plantings 
in Davis county and eastern Appanoose county, 1949. 
1. Davia county general view facing aoutheaat« 
2. Davia county sample unit; facing south. 
3. Appanoose, Douglas township, section 1, 
sample unit; facing west and showing 
center of planting. 
4. Appanoose, Douglas township, section 1; 
general view facing west. 
-44b-
Table 2. Average tree height, butt diameter, d.b.h., and posts 
per tree in 21 black locuat plantings in 12 lov/a 
counties, 1949 
Average Average number 
Average butt Average 7 foot posts 
County Township Sec. weight diameter d.b.h» per tree 
f t. in. in. 
Davis lick Creek (A)^ 21 25.4 3.60 2.92 1.41 
Appanoose Douglas (B) 1 25.0 3.44 3.00 1.83 
Johns (C) 30 21.3 3.49 2.86 1.19 
Wayne Benton (D) 24 15.7 3.23 2.57 0.67 
Benton (E) 19 16.9 3.90 3.07 0.63 
Decatur Center (F) 21 14.4 2.88 2.13 0.89 
Eden (0) 30 16.9 2.38 2.00 0.78 
Taylor Clayton (H) 29 20.9 4.13 3.55 1.37 
Mas on (I) 9 28.6 5.08 4.17 1.94 
Page Nodaway (J) 33 25.5 4.19 3.86 1.40 
Tarkio (K) 19 22.5 5.02 4.38 1.02 
Premon t Walnut (L) 10 15.2 4.84 3.30 0.83 
Sidney (M) 10 24.9 5.63 4.30 1.60 
Wapello Adams {N) 2 32.2 5.06 4.50 2.39 
Highland (0) 33 18.8 3.92 3.63 0.80 
Mahaska Jefferson (P) 9 — — -
Table 2. (Continueci) 









7 foot posts 
per tree 
ft. in . in. 
Poweshiek Jefferson (Q) 12 41.4 6.78 6.14 2.79 
Tama Columbia (R) 15 19.1 3.66 3.06 1.12 
Salt Creek (S) 11 27.1 4.28 3.59 2.12 
Winneahlek Washington (T) 25 18.1 3.60 3.15 1.17 
Canoe (U) 26 19.0 3.05 2.52 1.28 
Total average 22.4 4.10 3.43 1.36 
•''•plan tin ga A-U. 
fable 3» Diameter growth in inches per ye 
iaerement borings from average t 
Gotmty Sowntship Sec. 1935 1936 mi \ 1938 1939 I9H0 19H1 
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Kellogg (37) has published site index curves for plantation 
black locust. Figure 3 is taken from his work. On the basis 
of the site index curve, the Davis county plantation had a 
site quality of 60 at the projected age of 50 years# 
In Table 4 the ground cover is given in per cent. The 
Davis county site had nearly 3/4 bare ground, l/6 grass, 
1/20 forbs and even less shrub, vine and tree seedling cover. 
Planting B 
A general view and an interior view of the eastern 
Appanoose site, the latter of a sample unit, are presented 
in Figure 2o The Interior photograph shows a sample with a 
stocking density of 700 trees per acre (Table l)o These trees 
were above average in height and posts per tree. Like the 
Davis county trees, they were smaller than average in d.b.h. 
and butt diameter (Table 2)<, The total survival was less in 
this planting than in the Davis county plot but the mortality 
per year was only 1 per cent less. 
The eastern Appanoose planting was belov; average on 
annual diameter increment. It seems that 1946, 1947 and 1948 
were unfavorable years for growth in that section of the 
county (Table 3). The site index at 50 years would be 50 
(Figure 3). This planting had even more bare ground than the 
Davis, having over 4/5 bare, l/lO in grass cover and l/20 
covered by forbs. Shrubs and vines and tree seedlings were 
very rare, none having been contacted in the point-list count. 
Table 4. Classification of understory vegetation and percentage ground 
cover aa determined by the point list quadrat method, 1950-, 
Ground cover in per cent 
Shrubs and Tree 










lick Creek (A)'' 21 73. .6 17. 8 5. ,0 2. •8 0, .8 
Douglas (B) 1 84. .4 11. 0 4. 6 0, .0 0. 0 
Johns (C) 30 71, .8 19. 2 7, .8 0. 0 1. ,2 
Benton (D) 24 79, .4 13. 0 5, .2 2, .4 0. .0 
Ben ton (E) 19 52, .0 46. 0 1, .6 0. 0 0. 4 
Center (P) 21 71. >6 19. 6 8. 8 0, »0 0, ,0 
Eden (G) 50 69, .8 29. A 0. 4 0. ,2 0. 2 
Clayton (H) 29 64, .0 27. 6 8, .4 0. .0 0. 0 
Mason (I) 9 96, .8 2. 0 1, .2 0. >0 0. 0 
Nod away (J) 35 58, .6 32. 0 8, .4 0, .6 0, .4 
Tarkio (K) 19 49, .4 21, .0 18, .0 1, >4 1, ,2 
Walnut (L) 10 63, •6 3, .2 33, .0 0, .2 0, .0 
Sidney (M) 10 71, .6 6, .2 21, .2 1, .0 0, .0 
Ad ams (N) 2 74 .8 19, .2 2, .4 2, .8 0, .8 
Highland (0) 33 88 .8 7 .2 4, .0 0, .0 0, .0 
Jefferson (P) 9 79 .8 11 .2 6 .2 2, .0 0, .8 
Table 4. (Continued) 
Ground cover In per cent 
County Township Sece Bare Grass For Ids 





































Total average 73.9 16.6 7.1 0.3 0.3 
Plantings A-TJ. 
Figure 3. Site index curves for plantation 
black locust of varying site quality 
In "toe central states region, after 
Kellogg (27). 
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Plantlng G 
The western Appanoose planting is shown in Figure 4. 
These photographs present interior sample units with a density 
of 725 trees per acre in 1949 (Table 1), The trees were 
planted at a rate of 4,900 per acre but an average 6.6 per 
cent of the original number died each of the 13 years since 
planting (Table 1), The trees in this plot ran smaller than 
the mean in all measurements taken (Table 2). The average 
annual increment was also below average, although the 1946, 
1947 and 1948 increments were greater than those of the 
eastern Appanoose area (Table 3). 
The site index of this planting area was approximately 
41 at 50 years on the site index curves in Figure 3. The 
percentage of bare ground was less than in either of the 2 
preceding plots, probably due to a greater amount of grass, 
forbs and locust sprouts (Table 4). 
Plan ting D 
The eastern Wayne county planting is shown in Figure 4, 
Aa can be seen in the general view of the planting, it is on 
the shore of a lake, the Gorydon water reservoir. The interior 
view In the same figure shows a stand with a density of 550 
trees per acre (Table 1). The survival on this site had been 
better than average for the total, but the percentage mortality 
Figure 4. Photographs of sample units of the western 
Appanoose site and a sample unit and general 
viev; of the eastern ?iFayne county planting, 1949. 
1. Appanoose county, Johns tovmship, section 30, 
sample unit; facing north and showing the 
southeast end of the planting. 
2, Appanoose county, Johns township, section 30, 
sample unit; facing west and showing south­
west section of planting, 
3. Wayne county, Benton township, section 24; 
general view of planting facing northeast. 
4, Wayne county, Benton township, section 24; 
facing northwest sample unit near north 
side of planting. 
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per year since planting was only 0,8 per cent lower than that 
of the 2 plantings to the east in Appanoose county. 
The physical measurements of the trees show that they 
were considerably below the average on all counts (Table 2), 
The average annual increment was next to the lowest of all 
plantings (Ta.ble 3). On the site index curves of Figure 3 
the planting had a projected 50 year site index of 38. The 
ground cover was above average in shrubs and vines with 
slightly more bare ground than average (Table 4). 
Planting E 
The western Wayne county planting is shown in Figure 5. 
These are both interior vievjs of the planting and show the 
park like effect due to close grazing by sheep. The density 
of the trees was 600 per acre but the survival rate in this 
planting was even better, 46,3 per cent, than that of the 
eastern planting in this county (Table 1), The per year 
mortality was also less. On physical measurements the 
planting makes a less remarkable showing, since it is below 
the average in all measurements summarized in Table 2, 
The yearly annual increment average was second only to 
Davis county among those already presented (Table 3). The 
50 year site index was approximately 41 if projected on the 
curbes in Figure 3. This planting had the greatest percentage 
of grass cover of any of the plantings, nearly l/2 grass, but 
with over 1/2 bare ground (Table 4). 




county planting and the eastern 
1949. 
1. Yifayne county, Benton township, section 19j 
east end of planting from the east. 
2. Wayne county, Benton tov/nship, section 19j 
west end of planting from the interior gind 
facing west. 
3. Decatur county. Center township, section 21; 
general view of planting facing north. 
4. Decatur county. Center township, section 21j 





The eastern Decatur planting is shown in Figure 5 along 
with an interior view of a sample unit. The clear area in 
the center was low ground v;hich was probably flooded after 
any moderate rain. The planting ran 700 trees per acre in 
1949 (Table 1). This amounted to a 39.7 per cent survival. 
The mortality per year was below average. 
The trees were very short, shorter than those of any 
other planting (Table 2). The diameters also fell far below 
average. The annual increment v/as surprisingly high (Table 3). 
The annual rings did not go back beyond 1944, which allows 
several interpretations. 
The site index v/as a low 31 (Figure 3). The area was 
grazed and 7/l0 of the area was bare ground, l/5 grass and 
l/lO forbs. 
Planting G 
The western Decatur planting is pictured in 2 views in 
Figure 6e The Interior view shows trees with a density of 
525 per acre (Table 1). The survival in this plot was 29.8 
per cent, with the same mortality per year as the western 
V/ayne county planting, 5.4 per cent (Table 1). 
The average tree hei^t was the same as the vj'estern 
Wayne site, 16.9 feet, but the diameters were smaller 
(Table 2), The average yearly increment was the lowest of 
Figure 6. The weatern Decatur and eastern Taylor county 
sample plantings, 1949. 
1. Decatur county, Eden township, section 30j 
from the south showing a live border row 
and dead tree top in the interior of the 
plot. 
2. Decatur county, Eden township, section 30; 
interior sample unit, from the east. 
3. Taylor county, Clayton township, section 29; 
Interior sample unit from the west. 
4. Taylor county, Clayton township, section 29; 




any of the plantings (Table 3). The site index at 50 years 
was 41 (Figure 3). This planting had the third hi^^est per­
centage of grass ground cover, almost 3/l0, but it also had 
7/10 bare ground and almost no forbs, shrubs, vines or tree 
reproduction. The area was grazed by cattle during this 
investigation. 
Planting H 
The eastern Taylor county planting is represented by 
2 interior views in Figure 6, The density of the planting 
was 800 trees per acre in 1949 (Table 1), The survival per­
centage was very low, about I/6 of the trees remaining alive 
until the time of sampling in 1949. The mortality per year 
was the heaviest of any of the plantings (Table 1), 
The trees were a little below average height, but were 
of larger than average diameter (Table 2), The average 
annual increment was only .01 inch less than the total aver­
age (Table 3). The site index at 50 years was quite good, 
running up to 53 (Figure 3). The ground cover was approxi­
mately 1/5 grass, 1/10 forbs and 7/10 bare ground. 
Plan ting I 
The western Taylor county planting is shown in Figure 7. 
The interior view shows a stand which averaged 940 trees per 
acre (Table 1). The survival in this planting, made with a 
Figure 7. The western Taylor county and eastern Page county 
samples, 1949. 
1» Taylor county. Mason township, section 9j 
general view of the planting taken from the 
south. 
2, Taylor county. Mason township, section 9; 
view through the stand from the west. 
3, Page county, Nodaway tov/nship, section 3 3 ;  
a sample unit within the plot showing heavy 
cover of black locust seedlings. 
4, Page county, Nodaway township, section 33j 
interior of the planting facing southeast. 
Heavy, matted hluegrasg in the foreground. 
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spacing of 6 X 6 feet, was the second highest of all the 
plantings, 72.5 per cent. It had the lowest mortality per 
year of any planting, except the southern Tama county plant­
ing with v;hich it tied (Table 1), 
The trees in this planting were definitely above aver­
age in height and diameter (Table 2). The average yearly 
increment, while not outstanding, was also above average 
(Table 3). The site index, as determined from Figure 3, was 
60 at 50 years. The grovind cover, as seen in the interior 
view in Figure 7, v/as more than 19/80 bare ground, l/50 grass 
and l/lOO forbs when counted at the ground level (Table 4). 
Planting J 
The eastern Page county planting is pictured by 2 
interior views in Figure 7. These trees ran 800 per acre and 
61.7 per cent of the number of trees planted in 1938 had 
survived (Table 1), This planting had next to the lowest 
mortality per year of any planting. 
The trees were shorter than average, but were average 
or above in diameter and number of posts available from them 
(Table 2). They were slightly below the mean in average 
annual increment (Table 3). The site index for 50 years, if 
projected to that time, was 50 (Figure 3). This planting had 
the second highest amount of grass ground cover, 1/3 grass, 
3/5 bare, nearly l/lO forbs and l/lOO divided between shrubs, 
vines and tree seedlings (Table 4). 
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Planting K 
The western Page county planting ia depicted by 2 views 
of the interior of the planting in Figure 8. The number of 
trees per acre was 500 which represented a survival of 38.6 
per cent (Table 1). The mortality per year was less than 
average in this planting. 
The trees were of average height and above average in 
diameter and number of posts which could have been cut from 
them (Table 2). The average annual increment was above aver­
age. The trees ranked second in height (Table 5). The 
ground cover was the heaviest of all, running l/2 bare ground, 
1/5 grass, slightly less than l/lO forbs and over l/lOO shrubs 
and vines and l/lOO tree seedlings. 
Plantin g L 
The eastern Fremont coiJinty planting is shown in Figure 
8 along with a sample unit. In this planting the survival 
was 43.7 per cent, giving a density in 1949 of 566 trees per 
acre (Table 1). The mortality per year was fairly hi^, 
7.4 per cent, since this was a comparatively recent planting. 
The mean tree height was over 7 feet below the average 
of all plantings, although the butt diameter v;as above aver­
age and the d.b.h. only slightly lower than average (Table 2). 
The average annual increment for the years recorded was above 
average (Table 3). The site index curves of Figure 3 give a 
Figure 8» ?/eatern Page county and eastern B'remon t county 
plantings, 1949. 
lo Page county, Tarkio township, section 19; 
interior of planting facing northwest, 
taken in October 1949, 
2. Page county, Tarkio tovmship, section 19; 
another interior sample unit from the 
aouthwesto 
3. Fremont county. Walnut township, section 10; 
general view of planting taken from the east. 
4. Fremont county. Walnut township, section 10; 
interior sample lanit with heavy undergrowth. 
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projected 50 year index of 50. As might be expected from 
the interior view of Figure 8, the forb ground cover was 
1/3 with nearly 2/3 bare ground and I/30 grass cover 
(Table 4). 
Plan ting M 
The western Fremont county planting is shown as it 
appeared from the east side of the western planting and from 
the north aide of the southeastern portion of the planting 
(Figure 9). The planting, made in 1937, had an average of 
5.8 per cent mortality per year, nearly normal, since 
planting (Table 1). The stand density in 1949 was 675 trees 
per acre. 
The trees in this planting were above average in height, 
diameter and the number of 7 foot posts per tree (Table 2). 
The average annual increment also ran somewhat above average 
(Table 3). A site index of 50 at 50 years was given by 
projecting the age and average height on the curves of 
Figure 3. The planting had a heavy ground cover of forbs, 
slightly over 1/5, there was comparatively little grass, 
1/20, and about 7/l0 of the area was bare ground (Table 4). 
Planting N 
The southern Wapello county planting is shown by 2 
interior views in Figure 9. This planting had a survival 
Figure 9. Western Fremont county and southern Wapello 
county sites, 1949, 
1. Fremont county, Sidney township, section 10; 
a general view of the southeastern planting 
from the north. 
2. Fremont county, Sidney township, section 10j 
a general view of the east side of the western 
planting area. 
3. Wapello county, Adama township, section 2 ;  
east end of the plot on the north side of the 
gully, facing north. 
4. Wapello county, Adama township, section 2; 
the south end of the planting, facing north. 
~64b-
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rate of only 8.7 per cent, the next to lowest of any plant­
ing. The density of the planting in 1949 was 425 trees per 
acre (Table 1). 
The remaining treea were much larger than average. 
They were the second tallest and second largest in d.b.h. of 
all plantings (Table 2). The average annual increment was 
above the average (Table 3). The site index was 60 at 50 
years on the site index curves of Figure 3. The area had a 
fair amount of ground coverj l/5 grass, l/SO forbs, l/ZO 
shrubs and vines, l/lOO tree seedlings and 3/4 bare ground 
(Table 4). 
Planting 0 
The northern Wapello county planting is shown in Figure 
10. The average survival in the planting was 5.4 per cent 
with a stand density of 666 trees per acre (Table 1). 
The average tree size was, for the most part, average 
or below in this planting (Table 2). The annual increment 
was below average (Table 3). A projected site index of 30 
was determined by the use of Figure 3. There was a greater 
than average amount of bare ground in the planting at the 
time the point-list count of ground cover was taken. There 
was almost 9/l0 bare groi^id, more than was found bare in any 
other planting (Table 4). 
Figure 10. The northern Wapello county and the lone 
Mahaska county black locust plantings in 1949, 
1, Wapello county. Highland tovjnahip, section 33j 
the southwest portion of the planting taken 
from the northeast, 
2, Wapello county. Highland township, section 33; 
northeast section of plot from the northeast, 
3, Mahaska county, Jefferson township, section 9; 
dead trees with sprouts around the bases, 
4, Mahaska county, Jefferson township, section 9j 
view of a broader area in the planting showing 




The Mahaska county black locust planting is shown in 
Figure 10. There was a survival of only 1.0 per cent in 
this planting, the lowest siurvival found (Table 1). Since 
there were only sprouts alive in any of the sample units 
taken, the tree measurements came out zero as is shown in 
Table 2. Increment borings of the dead trees showed that up 
to the time of their death the trees had been growing well 
(Table 3). The ground cover beneath the dead trees was 
beloT^ average (Table 4), 
Planting £ 
The Poweshiek county planting is pictured in Figure 11. 
The average survival in this planting is now shown in Table 1 
since there were no data available on the original density of 
planting. The density in 1949 was 500 trees per acre. 
This planting had the largest trees of any planting on 
all measurements (Table 2). The average annual increment was 
also the largest (Table 5). The site index of 70 at 50 years 
was also the greatest (Figure 3). The area had 4/5 bare 
ground, 1/20 grass, l/lO forbs and less than 1 per cent each 
of vines and shrubs and tree seedlings (Table 4). 
Figure 11. The Poweshiek county planting and the southern 
Tama county plot, 1949. 
1. Poweshiek county, Jefferson township, section 
12; general vievi? from the northwest. 
2. Poweshiek county, Jefferson township, section 
12; interior of the planting facing south. 
3. Tama county, Columbia tov/nship, section 15; 
planting as viewed from the southeast. 
4. Tama county, Columbia township, section 15; 




The southern Tama county planting is sho-wn in Figure 11. 
This planting had a survival of 79,5 per cent and less than 
half of the average mortality per year (Tahle 1). The density 
was the highest of all the plantings in 1949, running 1030 
trees per acre. 
The trees were below average in size on all the measure­
ments taken (Table 2). In average yearly increment they were 
1 per cent above average (Table 3). The site index Titas some­
what over 50 at 50 years (Figure 3). The ground cover was 
about 1/20 grass, sli^tly more than l/lO forbs and more than 
4/5 was bare ground (Table 4). 
Planting S 
The northern Tama planting is shown in Figure 12. The 
survival was 61.7 per cent with a density of 800 trees per 
acre (Table 1). 
The trees were above average in hei^t and diameter and 
7 foot posts (Table 2). The annual increment was only 
slightly over the average (Table 3), The site index was 
high, 70 at 50 years (Figure 3). The ground cover ran I/6 
grass, 1/30 forbs and 4/5 bare ground (Table 4). 
Figure 12. The northern Tama county and southern Winneshiek 
county plantings, 1949. 
1. Tama county. Salt Creek tovmahip, section 11; 
general view of the planting from the top of 
the ridge upon which the trees are planted. 
2. Tama county. Salt Greek township, section 11j 
eastern end of the planting from the west. 
Kote the sparse vegetation in the center and 
background of the picture, 
3. Winneshiek county, Washington township, 
•section 25; western end of the planting facing 
southeast. 
4. VJinneshiek county, Washington township, 
section 25; general viev/ of •&e south side 




The southern Vifinneshiek county planting is pictured in 
Figure 12. The trees numbered 425 per acre in 1949, giving 
a survival of 15«7 per cent of the original 2,704 trees per 
acre. The mortality rate of 8.4 per cent per year has been 
higher than average (Table 1). 
The trees were smaller than the mean in all their 
physical measurements (Table 2). The annual increment, how­
ever, was above average (Table 3). The site index was 47 
at 50 years if interpolated on Figure 3. The ground cover 
was 1/7 grass, 1/25 forba, 4/5 bare ground and a small number 
of seedlings, vines and shrubs (Table 4). 
Planting U 
The northern Winneshiek county planting and the type of 
soil profile it was growing on is shown in Figure 13. The 
survival in this planting was 31,4 per cent with a stand 
density of 850 trees per acre. The yearly mortality was 
6.9 per cent, about 1 per cent above average (Table 1). 
The trees were taller than the southern Winneshiek 
trees but were smaller in diameter. Both height and diameter 
were below average (Table 2). The yearly increment was just 
below average (Table 3), The site index was 54 at 50 years 
(Figure 3). The ground cover was more than 1/5 grass, 1/30 
forbs, 1/100 shrubs and vines and 3/4 bare ground (Table 4), 
Figure 13. The northern Winneshiek plot in 
section 26 of Canoe tovmship. 
1. The middle of the northeastern 
portion of the planting, 
2, The type of soil profile the 
planting vms made on. Limestone 
less than 1 foot below the sur­
face of the soil. 
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Factors Affecting Growth 
The data on factors affecting growth are presented "by 
individual plantings in the following order: site prepara­
tion, if any; physical factors of the aoilj climatic factors; 
borer damage. 
Planting A 
A preliminary survey with a soil auger, in 1949, indi­
cated that a depth of 4 feet would be adequate to Include 
90 per cent or more of the black locust roots. Since such 
an examination, using a soil auger, could have been in 
error, 3 root bisects v;ere made at the Davis county plantings 
in May 1950. To exclude any possible error which might creep 
in due to unrecorded site preparations, 2 bisects were made 
in plantings v/hich had had site preparation. In one case 
the site treatment consisted only of scalping off the com­
petitive ground cover around the trees when planted and in 
the other case it consisted of plowing a narrow bench terrace 
on the slope and also scalping (6, 14). The third bisect 
was made in the non-treated sample planting used as the sample 
for Davis county. As can be seen in Table 5 the greatest 
number of roots from any source occur in the first 6 inches 
of soil. The trench dug at the lower end of the bisect on 
the sample for Davis county (A), no planting site treatment. 
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Table 5« The number and size of black locust roots 12 
inches from the base of the tree in 3 successive 
6 Inch soil zones, as affected by site prepara­
tion, determined by root bisects, 1950, 
Total 
Size Number number of 
Site of of roots in 
Depth preparation Source of roots roots roots zone 
in. in. 




1.000 1 18 
0-6 None Dominant tree 0.250 8 
0,500 3 
0.750 3 
1,000 1 15 




1.000 1 13 
6-12 0,250 2 
0,375 1 
0.500 1 4 
12-18 0.250 2 2 




1,000 1 22 OJ H
 1 0,250 4 
0,375 2 
0,500 1 
0,750 1 8 
12-18 0,250 3 3 
0—6 Bench Dominant tree 0,250 14 
terraced 0,375 6 
and 0,500 4 
scalped 0,750 1 
1.000 3 
1,250 1 29 
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Table 5« (Continued) 
Total 
Size Number number of 
Site of of roots in 
Depth preparation Source of roots roots roots zone 
In. in. 
6-12 Bench Dominant tree 0.250 8 
terraced 0.375 3 
and scalped 0,500 4 15 
12-18 0o250 5 
0,375 3 
0.500 3 11 
0-6 Bench Suppressed tree 0.250 7 
terraced 0,500 1 8 
6-12 and scalped 0.250 2 
0.375 1 
0.750 1 4 
12-18 0,250 1 
0.375 1 
0.500 1 3 
0-6 Bench Sprouting stump 0,250 9 
terraced 0.375 4 13 
6-12 and scalped 0,250 7 
0,375 1 
0,750 1 
1,000 3 12 
12-18 0,250 3 
0,375 1 
0.500 1 
0,750 1 6 
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is shown in Figure 14, and it ia easily seen that the number 
of roots below those already dug out are very few in number. 
The depth of the trench is 14 inches. Many of the roots which 
appear in the trench, if followed back, will be found to 
originate hi^^ber up on one of the roots lying on the shelf of 
soil above the trench and are merely drooping into the trench. 
The second 6 inch zone, the 6-12 inch layer, presents a dif­
ferent picture. Referring to Table 5 again, the number of 
roots found in the scalped treatment In the 6-12 inch layer 
are few in number, only 4 roots from the dominant tree were 
found in this zone and 8 roots from the sprouting stump. 
In contrast, the bench terraced and scalped trees have 15 
roots from the dominant tree, 4 roots from a spindly suppressed 
tree and 12 roots from a sprouting stump. This is over 2,5 
times as many roots as were found in the same zone of the 
scalped site trees. The third zone, 12-18 inches deep, gives 
the same picture, 20 roots in this zone on the bench terraced 
site against 5 roots for the scalped site, a ratio of 4 to 1. 
The differences are pictured clearly in Figures 15 and 
16. The pit in Figure 15 is somewhat exaggerated in depth in 
the foreground, it was actually no deeper at the front than at 
the back. The greater number of roots on the bench terrace 
planted trees is readily noticeable if Figure 16 is compared 
with Figure 15i Since it was obvious that the roots were 
growing mostly in the top 12 inches, it was decided that soil 
Figure 14. Root bisect of sample piantin 
in Davis county (A), 1950, 

Figure 15» Root bisect of a planting in Davis 
county, without site preparation 
except scalping, 1950. 

Figure 16, Root bisect of a planting in Davis 
county with site preparation con­
sisting of a plowed bench terrace 
and scalping, 1950. 
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samples to 48 inches were adequate to sample the soil factor 
in relation to tree growth. 
The physical measurements on the soil samples taken in 
this planting are summarized in Table 6 and graphically pre­
sented in Figure 17. The volume wei^t of the soil increased 
with an increase in depth, but the micropore and macropore 
space did not show a consistent increase or decrease with 
depth. The other data presented also varied in an irregular 
manner. 
The number of days in the growing season, as determined 
from U. S. Weather Bureau records using the data from the 
closest weather station. Is tabulated in Table 7 and graphi­
cally shown in Figure 18. The Davis county planting area 
averaged 174 days per growing season from 1935 through 1948. 
For the years after the trees were planted the growing seasons 
v/ere above average in length. 
The average temperatures for the growing seasons 1935-
1948 are given in Table 8 and Figure 19. These data indicate 
that average temperature during the growing season in Davia 
county was a little above the average for all the plantings. 
The average monthly precipitation for the Davia county 
planting, 3.69 inches per month total average, is given in 
Table 9 and Figure 20. The year 1941 had the wettest growing 
season since planting with 5.03 inches per month. Since the 
growth of the trees is the teat of the climate's suitability. 
NOTE TO USERS 
Oversize maps and charts are microfilmed in sections in the 
following manner: 
LEFT TO RIGHT, TOP TO BOTTOM, WITH SMALL 
OVERLAPS 
This reproduction is the best copy available. 
UMI' 
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Davie Lick Creek (a) 21 0 1.036 13.0 26.0 61.0 
6 1.099 17.0 2J+.0 69.0 
12 1.380 35.0 11.0 U6.0 
2h l.Ul^ 6 U3.O 1.0 .^0 
36 1.561 35.0 6.0 i^ l.O 
48 1.713 32.5 2.5 65.0 
ippanoose Douglas (B) 1 0 1.3^ 49 35.0 13.5 51.5 
6 1.396 3^ .5 12.5 53.0 
12 1.332 36.5 13.5 50.0 
2U 1.^ 37 U3.O 6.0 51.0 
36 1.757 H0.5 0.5 59.0 
1.826 35.0 0.5 6U.5 
iftppanoose Johns (C) 30 0 1.313 31.0 19.5 1+9.5 
6 l»359 3^ .0 15.0 51.0 
12 l.iK)9 Ul.O 5.0 5^ .0 
2U i.Ugs 1^ 2.5 1.0 56.5 
36 1.680 35.5 1.5 63.0 
Us 1.722 33.5 1.5 65.0 
wajme Benton (D) 2h 0 1.321 33.5 1U.5 52.0 
6 1.335 35.0 li|.5 51.0 
12 1.%U 36.0 9.0 55.0 
2U 1.550 36.0 5.0 59.0 
36 1.701 35.0 1.0 63^ .0 
m 1.680 36.0 1.0 63.0 
Wayne Ssnton (S) 19 0 O.Sll 56.0 13.0 31.0 
6 1,260 38.0 15.0 i^ 7.0 
12 i.UU7 37.0 9.0 5»^.o 
2U 1.55^  ln.o 1.0 55.0 
36 1.5^  39.0 2.0 59.0 
48 1.567 37.0 u.o 59.0 
Decatur Center (?) 21 0 1.211 33.0 21.0 U6.0 
5 1.163 39.0 17.0 UH.o 
12 1.536 39.0 18.0 43.0 
2h 1.390 Uo.o 7.0 53.0 
36 1,M02 39.0 8.0 53.0 
»I8 1.389 l^l.o 6.0 53.0 
Decatur Eden (o-) 30 0 1.262 36.0 16.0 1«5.0 
6 i.2h8 3S.0 15.0 U7.O 
12 1.316 U5.0 5.0 50.0 
. 2h 1.372 39.0 g.o 52.0 
36 i.Mgi iio.o 3.5 U6.5 
H8 1.u67 42.5 8.0 9^.5 
Taylor Clayton (h) 29 0 l.oHo 39»o 22.0 39-0 
-Sl" 
e 6, Yolwae weight, micropore and oaeropore space, moisture equivalent and calculated wilting 
per cent of 6 different soil levels in 21 'black locust plantings in 12 Iowa counties, 19^ 9* 
Porous 
plate 
> Per cent field 
soil capacity 
Wilting 
Moisture per cent 















































33.7 19.^ 10.5 freaont Walnut (L) 10 0 1,09 
31.5 16.g 9.1 6 l.os 
25.2 16.5 8.9 12 1.3^] 
29.7 23.0 . 12.5 au i.l€ 
22.5 15.9 g.6 36 i.33 
23.S 20.4 11.1 4s i.3j 
26.0 20.3 11.0 Fremont Sidney (M) 10 0 l.if 
24.7 18.3 9.9 6 1.1] 
27.s 20,3 11.0 12 1.2' 
30.1 29.1 15.5 24 1.2] 
20.9 22.7 12.3 36 1.1? 
16.6 13.6 8.5 48 l»3( 
28.0 15-5 S , k  W^ ello Adams (Sf) 2 0 1.2( 
2U.9 18.9 10.3 6 1.3' 
29.3 25.8 iH.O 12 1.2 
2S.5 28.6 15.0 24 1.2! 
21.3 23.^ 12.7 36 1.6; 
19.5 20.U ll.l 48 1,6: 
26.6 15.2 8.0 Wapello Highland (O) 33 0 i.4i 
26.2 l6»0 8.8 6 1,^ 
25.0 22.6 9.3 12 1.5 
23.3 21.7 9.6 24 1.5' 
20.5 21.6 9.H 36 1.3 
21.1 22.0 9.3 48 1.4 
69.1 26.3 1H.3 Mahaska Jefferson (P) 9 0 1.3 
30.0 25.9 lU.l 6 1.3 
25.3 21.6 11.7 12 1.4 
26.6 28.9 15.7 2U 1.6 
25A 28.5 15.5 36 1.7 
23.6 28.5 15.5 48 1.7 
27.7 20.1 10.9 Poweshiek Jefferson ((^ ) 12 0 1.2 
33.3 21.lv 11.6 6 1.1 
3^.3 22.6 12.3 12 l.S 
29.1 22.2 12.0 24 1.1^ 
27.5 22.6 12.5 36 l.l! 
29.6 25.1 13.6 1+8 
28.6 21.H 11.7 faBia ColxuaMa (E) 15 0 1.3 
30.3 23.3 12.6 6 1.] 
30.5 16.5 12 l.J 
2S,6 26,8 l4.6 24 1.3 
27.0 29.1 15.8 6^ l.S 
25.7| 25.7 15.3 48 l.j 




wa counties, 19^+9• 
Soil Porous 
level Per cent Per cent plate Wilting 
in Volmie micropore macropore Per ceat field Moistxire per cent 


















































































































































































































































































































































9.7 11 ti 
Wajme Benton (D) 2  ^
Wasme Benton (B) I9 
Decatur Center (F) 21 
Decatur Eden (0) 30 
Saylor Clayton (h) 29 
fa^lor Maeon (1) 9 
Page Hodaway (J) 33 
Page Tarkio (K) I9 
J>o j.»o&u J-.5 D^.U 
4S 1.722 33.5 1.5 65,0 
0 1.321 33.5 14.5 52.0 
6 1.335 35.0 14.5 51.0 
12 1.454 36.0 9.0 55.0 
2U 1.550 36.0 5.0 59.0 
1.701 35.0 1.0 64.0 % 1.6SO 36.0 1.0 63.0 
0 0.811 56.0 13.0 31.0 
6 1.260 38.0 15.0 47.0 
12 I.M17 37.0 9.0 54.0 
2ii 1.55^  4i.o 1.0 55.0 
36 1.5^  39.0 2.0 59.0 
1.567 37.0 4.0 59.0 
0 1.211 33.0 21.0 46.0 
6 1.163 39.0 17.0 44.0 
12 1.536 39.0 IS.O 43.0 
2U 1.390 w.o 7.0 53.0 
36 l.l«02 39.0 S.O 53.0 
Ug 1.3S9 41.0 6.0 53.0 
0 1.262 36«O 16.0 4s.0 
6 i.24S 3S.0 15.0 47.0 
12 1.316 45.0 5.0 50.0 
2h 1.372 39.0 9.0 52.0 
1.491 »K).0 3.5 46.5 
1.467 42.5 S.O 9^.5 
0 lo040 39.0 22.0 39.0 
6 1.045 42.0 19.0 39.0 
12 1.203 43.0 12o0 45.0 
24 1.39s 4l.O 6.0 53.0 
36 1.540 37.0 5.0 58.0 
4S 1.549 39.0 2.0 59.0 
0 1.080 1»0.0 19.0 4l.0 
6 1.019 35.5 26.0 38.5 
12 1.173 35.0 19.0 46.0 
2U 1.149 38.5 18.0 3^.5 
36 l.lSl 40.5 14.5 45.0 
48 1.23s 44.0 9.5 45.5 
0 1.291 35.5 15.5 49.0 
6 1.262 35.5 16.5 48.0 
12 1.3^ 7 38.0 11.0 51.0 
24 1.514 32.0 11.0 51.0 
36 1.551 37.0 5.0 57.0 
46 1.5^ 3 37.0 H.5 57.5 
0 1.250 36.0 16.0 4s.0 
6 1.132 38.0 19.0 43.0 
12 1.274 37.0 15.0 48.0 
24 1,367 35.0 13.0 52.0 
36 1.383 16.0 32.0 52.0 
4s 1.233 25.0 28.0 47.0 








52.0 26.6 15.2 S.O Wapello Highland (0) 33 0 
51.0 26.2 16.0 8.8 6 
55.0 25.0 22.6 9.3 12 
59.0 23.3 21.7 9.6 24 
64.0 20.5 21.6 3 ' H  36 
63.0 21 a 22.0 9.3 48 
31.0 69.1 26.3 14.3 Mahaska Jefferson (P) 9 0 
47.0 30.0 25.9 l4.1 6 
54.0 25.3 21.6 11.7 12 
55.0 26.6 2S.9 15.7 24 
59.0 25.4 28.5 15.5 36 
59.0 23.6 2S.5 15.5 4s 
46.0 27.7 20.1 10.9 Poweshiek Jefferson (<1) 12 0 
44.0 33.3 21.4 11.6 6 
43.0 3^ .3 22.6 12.3 12 
53.0 29.1 22.2 12.0 24 
53.0 27.5 22.6 12.3 36 
53.0 29.6 25.1 13.6 48 
4s.O 2S.6 21.4 11.7 fSBSSi ColtiBibla (B) 15 0 
47.0 30.3 23.3 12.6 6 
50.0 34,4 30.5 l6,5 12 
52.0 SS.6 26.8 14.6 24 
46.5 27.0 29.1 15.S 36 
49.5 25.7 f 25.7 15.3 48 
39.0 37.^ ? 26.2 14.2 fama Salt Credc (S) 11 0 
39=0 27.1 14.7 6 
45.0 35.5 ? 25.2 13.7 12 
53.0 29.3 27.1 14.7 24 
5S.0 24.2 24.7 13.^  36 
59.0 25.2 25.S 14.0 48 
4l,0 37.2 20.4 11,2 Winneshiek Washington (T) 25 0 
38.5 34.9 22.8 12.4 6 
46.0 30.9 22.0 12.0 12 
3^.5 33.^  21.0 11.4 24 
45.0 35.3 26.6 l4.4 36 
H5.5 37.1 30.6 16.6 48 
49.0 27.S IS.g 10.2 Winneshiek Oanod (TJ) 26 0 
4g.o 28.1 18.2 9.9 6 
51.0 2S.3 16.5 9.0 12 
51.0 23.5 14.2 7.7 24 
57.0 23.6 20.0 10.8 6^ 
57.5 24.2 22.0 11.9 
4g.o 29.1 17.8 8.3 
43.0 33.6 20.0 10.8 
4«.0 29.1 20.9 11.3 
52.0 25.9 18.2 9.9 
52.0 11.4 9.7 5.3 
47.0 20.5 l4.0 7.6 
ks 1.699 37.0 i.o 62.0 20.7 23.1 12.5 
33 0 1.U66 27.0 18.0 55.0 18.3 23.6 12.8 
6 1.U72 22.0 23.0 55.0 lU.S 25.7 13.9 
12 1.553 39.0 3.0 58.0 2U.9 28.7 15.6 
2k 1,508 3S.O U.o 58.0 25.6 26.0 lU.l 
36 1.3^1-'+ 37.0 12.0 51.0 27.6 27.7 15.0 
Ug 1.U06 38.0 9.0 53.0 27.0 19.3 10.5 
9 0 1.306 32.0 18.0 50.0 2U.9 15.9 8,6 
6 1.333 3U.O i6cb 50,0 25.U 19.u 10,5 
12 1.U80 35.0 9.0 56.0 23.7 20.1 10.9 
2U 1.652 33.0 u.o 63.0 20.3 17.8 9.7 
36 1.759 32.0 - 68.0 18.5 17.2 9.3 
Us 1.709 33.0 3.0 6U.0 19.3 19.0 I0o3 
12 0 1.211 Uo.o lU.O U6.0 33.0 25.3 10.2 
6 I.I9U 39.5 15.5 U5.0 . 33.1 25.2 10.0 
12 1.255 w.o 12.5 U7.5 31.7 25.1 9.8 
2k I.U25 37.5 9.5 53.0 26.3 20.8 9.5 
36 I.U9S 28.0 15.5 57.5 18.7 16.3 8.8 
ks 1.683 3U.O 3.5 62.5 20.7 17.6 9.6 
15 0 1.19s 37.5 17.5 U5.0 31.1 17.6 9.5 
6 I0I62 Uo.o 15.5 U5.0 36. u 21.9 11.8 
12 1.209 37.0 17.5 U6.0 30.7 18.S 10.2 
2U 1.172 38.0 1U.5 U7.0 30.1 25.3 12.7 
36 1.221 Uo.o lU.O U6.0 32.8 22.U 12.2 
US 1.3^6 Ul.o 8.0 51.0 31.6 2U.5 13.3 
11 0 I.30U 36.0 lU.o 5O0O 27.9 I7.S 9.7 
6 1.175 60.0 -> Uo.o 50o7 21.1 ll.U 
12 I.UU7 38,0 7.0 55.0 26.2 23.7 12.9 
2U I.26U Uo.o 13.0 U7.0 31.3 23.1 12.5 
36 1.393 U6.0 1.0 53.0 32.9 11.2 6.1 
Us 1.328 U9.0 1.0 50.0 36.6 18.9 10.3 
25 0 I.2U3 36.0 17.0 U7.0 28.9 lU.O 7.6 
6 1.383 Uo.o 7.0 53.0 29.1 12.2 6.6 
12 l.U»40 37.0 8.0 55.0 25.9 19.5 10.6 
2U 1.232 39.0 lU.O U7.0 31.s 20.U 11.1 
36 1.083 35.0 2U.0 Ul.o 32.7 20.2 11,0 
Us 1.352 35.0 13.0 52.0 26.3 19.5 10.6 
26 0 l.lUl 39.0 18.0 U3.0 3U.2 15.8 8.6 
6 1.359 35.0 lU.O 51.0 25.5 20.6 llo2 
12 
2h 
Limestone at the 12 inch level 
Figure 17. Graphic presentation of the mineral matter, 
micropore apace and macropore apace in the 
soil samples, at 6 levels, from 21 black locust 
plantings in 12 lov/a counties, 1949, 
Code letter County Township Section 
A Davis Lick Creek 21 
B Appanoose Douglas 1 
C Appanoose Johns 30 
D Wayne Benton 24 
E Wayne Benton 19 
P Decatur Center 21 
rfTPTH IN it^CHES 
depth ir i  INCHES 
Figure 17 (Continued) 
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Figure 17. (Continued) 
Code letter County To-wnship Section 
M Fremont Sidney 10 
N y^apello Adams 2 
0 Wapello Highland 53 
P Mahaska Jefferson 9 
Q, Poweshiek Jefferson 12 
R Tama Columbia 15 
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Ta"ble 7<> length of th? 
for the 15 years 





Davis Lick Creek (A) 21 152 183 l68 185 165 187 166 
Appanoose Douglas (B) 1 153 183 185 171 ihj 213 157 
Johns (C) 30 153 183 186 ISO 178 1S9 190 1I13 
Wayne Benton (D) 153 183 I5U ISO 17s 189* 190 1^ 3 
Benton (S) 19 153 183 15H 180 17s 189* 190 11^ 3 
Decatur Center (F) 21 153 183 172' 185 17s 188 187 ll4-3 
IBden (&) 30 153 183 172* 185 178 1S8 187 1^ 3 
Taylor Clayton (H) 29 197 176 188 187*" 1^ 3 
Mason (I) 9 153 183 153 ISl* 16U 189 213 1^ 3 
Page Nodaway (J) 33 153 183 153 ISl* iSk 189 213 li^ 3 
Tarkio (S) 19 153 183 153 181* l6i| 189 213 1^ 3 
Fremont Walnut (L) 10 157 IS3 l¥v 181 16H 179 186* 1^ 3 
Sidney (K) 10 152 183 155" 181 l6l^  166 212 li}3 
Wapello Adams (») 2 153 I83 l68» 185 175 15s 186 166 
Highland (0) 33 153 183* 168 185 175 158 186 166 
Mahaska Jefferson (P) 9 153 1S3» 153 185 17s IU6 213 160 
Poweshiek Jefferson (<4) 12 153 183 166 185 165 188 213 158 
Tsuaa Columbia (s) 15 153 183 166 185 16H ll|6 186* 131 
Salt Creek (s) 11 1U7 IS3 1^ 7 185 175 161 213 135* 
Winneshiek Washington (T) 25 1U6 159 1U7 18H 151 155 ISS*  131 
Canoe (U) 26 ikS 159 1H7 185 lUo 1U6 157* 132 
Total average 152 176 161 18U 169 171 196 1U6 
• Tear trtien planting was made, 
Hote: Data obtained from U, S. Weather Burea» Climatological data, Iowa section ("i 
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.e 7» langth of the growing seasons 





191^2 19U3 l9Ui^  19U5 I9H6 1947 1948 1949 
Total 
average 
Total average from 
date of planting 























































































































































































17s 1H6 213 160 179 15s 165 185 183 186 163 173 174 





















































169 171 196 1H6 173 159 162 167 159 178 162 16 g 167 
il data, Iowa aectian (7^ .^ 
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W E S T W A R D  N O R T H W A R D  ^  
0 
P L A N T I N G S  A - U  
Figure 18. A comparison of the number of days in the 
average growing season since time of planting 
in 21 black locust plantings in 12 Iowa counties 
7  0  
6 5  
5 5  
L  J  '  H | G | F | E | 0 | C  i B l A j N  0  P  Q  R  S  T  U  
P L A N T I N G S  A — U  
Figure 19. A comparison of the average temperature during 
the growing season since time of planting in 21 
black locust plantin^^s in 12 Iowa counties. 
Table S« She average temperature in degrees Fahrenheit da 
TemperatTJT© in degrees 
County Township Sec, 1935 1936 1937 1938 1939 I9U0 19H1 I9H2 I9I 
Davie Lick Creek (A) 21 70,1 72.2 67.5 69.8 72.3 72.5' 70.U 67.7 67 
Appanoose Dcniglae (B> 1 6j5.5 72.1 65.7'' 69.5 68.3 69.5 67.8 69.4 66, 
Johns (C) 30 6S.7 72.3 65.2* 69.1 68.9 67.6 68.8 68.0 66. 
Wayne Benton (B) 2I+ 68.7 72.3 70.5 69.1 68.9 67.6*" 68.8 68.0 66, 
Benton (E) 19 68.7 72.3 70.5 69.1 68,9 67.6* 68.8 68.0 66, 
Decatur Center (F) 21 68.1 71.3 67.7* 68.5 68.5 67.2 69.0 58.2 66, 
Sden (3) 30 68.1 71.3 67.7* 68.5 68.5 67.2 69.0 68.2 66, 
Taylor Clayton (H) 29 71.6 68.7 67O5 69.9 68.5 69.1+» 68.3 66, 
Mason (I) 9 69<.H 71.6 68.7 69.5' 69.7 68.0 67.1 68.8 66, 
Page Bodaway (J) 33 69.ii- 71.6 68.7 69. S" 72.2 68.0 67.1 68.8 66, 
Tarkio (K) 19 69.1<- 71.6 68.7 69.5* 72.2 68.0 67.1 68.8 66, 
Preasont Walmt (L) 10 70.9 72,5 73.1 70.7 73.2 69.6 70.0» 70 A 67. 
Sidney (H) 10 70.3 71.0 72.1^ '* 7l»0 jh.k 69.6 68.5 70.5 67. 
Wapello Adams (H) 2 70. 72.^  68,3* 69.8 69.8 70, U 70.5 68.6 68, 
Hi^ land (0) 33 70. i!- 72. if* 68.3 69.8 69.8 70.lt- 70.5 68.6 68, 
Mahaeka Jefferson (P) 9 68.5 71.7* 71.6 68.5 67.3 69.3 66,lf 69.1 65 ( 
Poweshi^  Jefferson «i) 12 67.9 69.8 70.1 68.if 71»2 67.3 66.lt 68.1 6U. 
Tana Columbia (H) 15 66,9 68.3 68.5 66.9 69.8 68.2 67.6* 67.H G k .  
Salt Creek (S) 11 67,6 68.9 69.1^  67.1 66.9 68.7 66.7 68.0* 65. 
Winneshiek Washington (T) 25 65.7 69.0 66,9 6lf.l 67.6 63.6» 6I1.8 63.8 62. 
Canoe (u) 26 66.5 70,9 68,7 65.7 69.1 66.1* 67.1 63.U 67. 
Total average 68.7 7i<.3 68.9 68,lf 69.9 68.3 67.7 68.1 66. 
(|l 
Tear t^ en pleating vras made, 
Hotei Sata obtained frcmi U. S. Weather Bureau Cliiaatological data, Xowa section (7^ )* 

mSS«» 
e in degreesFalupenheit during the growing seasonB, 1935-19^8, 
Sotal average 
Ves^erat-ure in degrees Fahrenheit !l?otal since time 
939 I9IK) I9IH I9H2 191^3 19M1 19H5 19^16 19U7 ISkS 1949 average of planting 
2.3 72.5* 70,4 67.7 67.U 71.1 67.6 65.0 69.3 66.1 70.2 69.8 68.7 
8.3 69.5 67.8 69.4 66.7 70.5 67.^+ 65.3 71.U 66.0 70o2 68.5 68.3 
8»9 67.6 68.8 6g.O 66,3 69.6 66.3 66,9 71.0 70.2 69.U 68.5 68.2 
S.9 67.6*« 68.8 6g.O 65.3 69.6 66,3 66e9 71.0 70.2 69.H 68.9 68,1|. 
g.9 67,6* 6S«8 6g.O 66.3 69.6 66.3 66.9 71.0 70.2 69.U 68.9 68.li-
S.5 67.2 69.0 68.2 66.6 70.i^ 67.3 68.2 70. U 65.7 67.6 67.6 68.1 
S.5 67.2 69.0 68.2 66.6 70.i^ 67.3 68.2 70.U 65.7 67.6 67,6 68.1 
9.9 68.5 69,J|» 68.3 66. 69.6 66.6 68.1 71.2 65.5 67.1 68.5 68.0 
9.7 6g.o 67.1 68.8 66.5 7O0O 66.6 67.5 70. U 67.8 69.5 68.7 68.il-
2.2 6S.O 67.1 68.8 66.5 70.0 66.6 67.5 70.'+ 67.8 69.5 68.9 68.6 
2.2 6g,0 67.1 68.8 66,5 70,0 66.6 67.5 70.^ 67.8 69.5 68.9 68.6 
3.2 69.6 70.0* 70 A 67.7 71.3 68.S 69.3 72.2 69.6 70.9 70.6 69.9 
k.k 69,6 68.5 70.5 67.7 71.1 67.0 5s.6 70,8 6s.$ii 69.8 70.1 70.0 
9.8 JO.k 70.5 68.6 68.0 71.S 67.7 67.0 69,8 66.6 70, U 69,J| 69.1 
9.8 70, u 70.5 68.6 68.0 71.8 67.7 67.0 69,8 66.6 70.it 69.5+ 69.lt 
7.3 69.3 66,U 69.1 65.6 69.6 66.0 63,1 69.0 65.S 70.3 6S.1 68.1 
lo2 67.3 66. if 68.1 GKS 69O2 65, 6U.9 70,3 6U.6 68.8 67.8 67.8 
9.8 68.2 S7,&* 67.H Sh,S 68.9 65.if 6U.7 69.9 Sk,S 6^.9 68.9 66,9 
6.9 68.7 66.7 68,0* 65.0 69.3 65.3 6it.3 69.9 6U.2 69.0 67.3 66.8 
7.6 63.6» 6U.g 63,8 62.0 67.5 6J+.0 65.9 68,3 63.1 Sl,k 65.6 65.0 
9.1 66.1» 67,1 63.4 67.0 66.0 62.2 65.1 67.3 68.1 67.5 66.7 66,0 
9.9 68.3 67.7 6g.l 66.3 69.9 66.1+ 66.6 70.2 67.0 68.7 68.U 68.1 
data> Xova section (7^)* 
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Table 9<> average monthly precipitation duri 
Cotintjr Township Sec* 1935 1936 1937 193s 1939 
Precipitation 
19i«) 19^1 19U2 
Davis Lick Creek (A) 21 h,ks 3.50 zM 3.33 3.37 
\ 



















































































































































Hahaska Jefferson <P) 9 5.SO 3.1^* 2.80 3.57 3.30 2.72 ^.95 3.35 
Foweshids: Jeffersoa <q) 12 3.77 3.87 3.^6 3.16 2.53 >+.35 
Taoa Coluffiltia (B) 





































Total average »+,S9 3.22 2.93 3.66 3.26 3.13 5.00 ^.59 
*Year when planting was mad®. 
Note: Data obtained from U. S. Weather Bureau Cliaatological data, I ova section ( 
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Honthly precipitation during the growing aeaaoas, 1935-l-9^» 
93s 1939 
Precipitation in indsss 








2oih* 5.03 3.07 3.65 3.30 U.35 U.8H 3.85 5.25 h.Bk 3.69 3.81 
.50 3.S3 2.80 u.gs 1^.97 h,27 U,26 4.26 U.gg 3.55 2.70 u.55 3.97 3.91 
.^3 3.03 2.50 '4.73 KkS H.07 4.gS 5.01 5.93 2.19 U.iU U.05 3.99 
.^3 3.03 2.50* 1^.73 kAS U.07 H.gg 5.01 5.33 U.I19 2.19 U.lU U,05 U«2U 
.U3 3.03 2.50* U.73 HM H.07 u.sg 5.01 5.93 2.19 U.iU Uc05 U.2U 
.57 3.79 3.61 ^.!53 5.37 H.Uo h.87 ^.73 1^.10 U.5S 2.68 U.69 U.09 u.gg 
.57 3.79 3.61 ^.53 5.37 U.Ho K87 H.73 H.io U.5g 2.6s U,69 U.G9 u.gg 
.71 3.1s 3.3s 5.82 5.06 5.57 ^.55 5.50 3.50 3.8I 3c07 3.^9 U.OS U.lll! 
,hr 3.67 3.78 5.27 U.gg 5.13 3.82 H.22 2.51 3.71 2.29 3.60 3.73 3.86 
.^^7* 3.67 3.78 5.27 U.88 5.13 3.82 k,2Z 2.51 3.71 2.29 • 3.60 5.75 3.S6 
.^7* 5.67 3.78 5.27 k.S8 5.13 3.82 1<'.22 2.51 3.71 2,29 3.60 3.73 3.86 
=39 3.69 3.50 6.U3« kM Kjk U.66 1^.83 3.58 3.0s 2.92 U.16 H.IO U.31 
.87 2.33 2.6s 5i.99 1^.09 3.51 U.28 5.16 U.og U.06 3.15 5.35 3.87 3.93 
.97 3.0U 2.93 ^.73 U.2S ^o39 1^.50 5.0i^ 3.57 H,09 2.55 U.17 3.88 3.80 
.97 3.0I+ 2.93 1+.73 U.2S 1+.39 K50 5.0li 3.57 U.09 2.55 U.JJ 3.88 3.75 
.57 3.30 2.72 »+.95 3.35 I1.39 U.U6 4.53 U.gi K l k  2.U9 3.15 3.8U 3.70 
.H6 3.16 2.53 1^.58 ^^.35 U.62 5.66 i+.09 5.77 3.95 2.99 3.6U U,o6 u.06 
.55 3.22 2.20 U.90* U.80 H.59 5.09 4.1s 5.26 5.17 2.2U 3.82 U.13 U,U5 
3.140 2.20 k.5B 5.i6» 4.88 5.18 3.67 M3 U.19 2.50 2.97 3.98 u.lg 
.38 2.7^+ 5,0k* 5.1^ hM 4.66 1^.82 U.2S U.06 U.50 3.20 1.90 3.9U U.21 
.63 2.56 k.56* 5.22 6.30 U.55 ^.77 5.15 5.21 U.39 2.85 2.55 U.2U u.55 
.66 3.26 3.13 5.00 ^.59 U.50 K56 i^.63 U.36 U.12 2.63 3.86 3.96 U.lU 
>gical data, Jowa section (7^)» 
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P L A N T I N G S  A - U  
Figure 20. The average monthly precipitation for the 
growing seasons since time of planting in 
21 black locust plantings in 12 Iowa coiintles 







.20 M  L  K  J  I  H | G i F | E | D |c| B j A | N  O P Q R S T U  
P L A N T I N G S  A ~ U  
Figure 21. Average annual increment in 21 black locust 
plantings in 12 lov^a counties. 
91-
the average annual increment given in Table 3 is graphically 
presented in Figure 21 where it may more easily be compared 
with the climatic data. 
The bark smoothness and freedom from borer damage are 
summarized in Table 10. The correlation coefficient for per 
cent smoothness and per cent borer free is ,95, which is sig­
nificant at the 1 per cent level. The Davis county planting 
had a rating of 53 per cent on bark smoothness and 57 per cent 
borer free. The correlation coefficient for bark smoothness 
and survival and borer damage and survival were not statisti­
cally significant. 
Planting B 
There is no record of any planting site treatment being 
applied to the eastern Appanoose county planting. 
The soil from this planting presented a someishat different 
picture than that of the Davis "A" planting (Figure 17), The 
micropore apace remained almost constant Ts?:iile the macropore 
space dropped almost steadily with increase in depth. With 
the exception of the 12 inch depth, the volxime weight con­
sistently increased with depth (Table 6), The porous plate 
"field capacity" which is not actually a measure of field 
capacity as it is customarily determined, fluctuates irreg­
ularly from 16.6 per cent at 4 feet to a maximum of 30,1 per 
cent at 2 feet. The moisture equivalent values were all con­
sistently below the porous plate field capacity except at the 
Table 10. A comparison of bark smoothness, absence of 
borer damage, and percentage survival of black 
locust trees in 21 plantings in 12 Iowa counties, 1949• 
Per cent Per cent 
Per cent smooth­ borer Correlations for 
County Township Sec. survival ness free all plantings 
Davis Lick Creek (A) 21 24.1 53 57 Per cent borer free 
Survival r = .2624 
Appanoose Douglas (B) 1 14.3 71 81 
Johns (C) 30 14.8 45 40 Per cent smoothness 
Survival r = .2390 
Wayne Benton (D) 24 42.4 38 33 
Benton (E) 19 46.3 51 42 Per cent smoothness 
Per cent borer 
Decatur Center (P) 21 39.7 64 52 free r = .9497^* 
Eden (G) 30 29.8 58 45 
Taylor Clayton (H) 29 16.3 67 67 
Mason (I) 9 72.5 53 63 
Page Nodaway (J) 33 61.7 63 66 
Tarkio (K) 19 38.6 31 28 
Premon t Walnut (L) 10 43.7 41 33 
Sidney (M) 10 25.0 44 61 
Y/apello Ad ams (N) 2 8.7 57 58 
Highland (0) 33 51.4 20 20 
Mahaska Jefferson (P) 9 1.0 20 20 
Poweshiek Jefferson (Q) 12 mm 47 66 
Table 10, (Continued) 
Per cent Per cent 
Per cent smooth­ borer Correlations for 
County Township Sec. survival ness free all plantings 
Tama Columbia (R) 15 79.5 79 86 
Salt Creek (S) 11 61.7 85 83 
Winneshiek Washington (T) 25 15.7 48 53 
Canoe (U) 26 31.4 78 79 
•^^Significant at 1 per cent level. 
Note: 10 is smooth, 0 very roughj 10 no borer damage, 0 very heavy damage. 
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3 foot levels intoere the value of the moisture equivalent was 
1.8 per cent higher. The wilting per cent calculated from 
the moisture equivalent varied also, running from 8.5 at 4 
feet to 15.5 at 2 feet (Table 6). 
The eastern Appanoose planting had an average growing 
season of 175 days, 1 day more than the Davis. Only in 1940 
did the length of the growing season fall more than 1 day 
"belov/ the average for all plantings, in most cases it was 
several days longer than the average and in 1941 it was 17 
days longer than the average (Tahle 7, Figure 18). 
Since the length of the growing season is dependent upon 
temperature one would at first glance expect the average grow­
ing temperatures to be higher for longer growing seasons. 
Such is not the case with the eastern Appanoose planting. 
The year 1941 which had 17 days more than the average length 
of growing season had only 0.1 degree higher average tempera­
ture than the mean for all plantings. The hi^est average 
growing season temperature of 71.4 degrees was for the year 
1947 (Table 8, Figure 19). 
This planting has not had a growing season as wet as the 
1941 Davis county season, but its average monthly precipita­
tion during the growing season was 0.1 inch more (Table 9, 
Figiare 20). 
The figures seen in Table 10 show a smoothness of bark 
for this planting of 71 per cent. The percentage borer free 
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is 81# The survival per cent was only 14,3 in 1949, 13 years 
after planting. 
Planting G 
There was no recorded site treatment for this western 
Appanoose county planting. 
The soil samples for this planting gave a graph similar 
to the eastern planting, except that the macropore apace 
pinched off to 5,0 per cent at the 12 inch level instead of 
at 24 inches (Figure 17)» The macropore space was over 19 
per cent in this planting and only 13.5 per cent in the 
eastern Appanoose, The volume weight of the soil increased 
progressively from 1.313 at the surface to 1.722 at the 48 
inch depth. The moisture equivalent and the porous plate 
field capacity varied in an irregular way and apparently 
independently of each other (Table 6), 
The average growing season in this planting season in 
this site, 1935-1948, was 169 days or 6 days leas than in 
eastern Appanoose (Table 7, Figure 18), The longest growing 
seasons during that period were 1 of 190 days in 1941 and 1 
almost as long, 189 days. In 1940. The average temperature 
for all 15 growing seasons was 68,5 degrees, the same as that 
of the eastern planting in this coumty (Table 8, Figure 19), 
The warmest growing season was 1947 in this planting. 
««95"" 
With a survival percentage of 14.8, the trees rated 
45 per cent on smoothness of bark and 40 per cent on freedom 
from borer damage (Table 10), 
The monthly growing season precipitation in the western 
Appanoose planting was slightly more for the years since plant­
ing than that of the eastern Appanoose planting (Table 9, 
Figure 20)« Almost 6 inches of rain per month fell during the 
1946 growing season• 
Planting D 
There was no record of any planting site treatment in 
the eastern Wayne county planting nor in any of the other 
plantings v/hich follow. The physical characteristics of the 
soil of this planting are presented in Table 6. The macro-
pore space, as shown by Figure 17, gradually tapered down 
from 9 per cent at the 12 inch level to 1 per cent at 36 
inches. The calculated wilting per cent varied within only 
narrow limits from 8.0 to 9,6 per cent. 
The growing season averaged 9 days less than that of 
Davis county (Table 7, Figure 18). The shortest growing 
season, 143 days, was In 1942 and the longest, 190 days, 
was in 1941, The average growing season temperature was 
68,4®, The 1947 growing season had a monthly average of 71,0° 
(Table 8). 
The precipitation was more than 0.4 inches per month more 
than that of Davis county for the years since planting. 
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Pigure 20 shows the steady increase in average monthly pre­
cipitation Y/estward from Davis plai^ting A. Planting D is 
halfway to the crest which occurred at plantings P and G. 
The trees in this planting had a bark smoothness of 38 
per cent and were 53 per cent "borer free (Table 10), 
Planting E 
The physical data on the six soil depths sampled in the 
western ?/ayne county planting are given in Table 6. The 
macropore space, which is used as a measure of soil aeration, 
is seen to taper off more than in the eastern Wayne site# 
The volume weight of the soil was suprisingly low in the sur­
face sample when compared with the picture given by the graph 
in Figure 17. 
The climatic data is identical with that of the eastern 
Wayne county planting (Tables 7, 8, 9). The average annual 
increment, as shown in Figure 21, is different. ?/ere it not 
for the fact that local conditions can modify the climate, 
one might be inclined to attribute the difference in growth 
entirely to the soil differences. 
The survival per cent, per cent smoothness of bark, and 
per cent borer free were all 3 greater in this planting than 
in the eastern Wayne county planting (Table 10), 
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Plantlng P 
The physical measurement soil data are summarized in 
Table 6. It can be seen in Figure 17, site F, that the macro-
pore apace was continuous and did not drop "below 6 per cent, 
even at the 48 inch depth. The calculated wilting per cents 
ran from 10.9 at the surface to 15.5 at the 4 foot level 
(Table 6). 
The growing season had averaged 173 per year from 1937-
1949 (Table 7). The average temperature for the same period 
was 68.1°, colder than the preceding plantings, but far from 
being the coolest of all the plantings (Table 8). The pre­
cipitation average per month during the grooving season hit 
its peak in this planting with 4.88 inches (Table 9, Figure 
20) .  
Table 10 shows that the trees rated 64 per cent on 
smoothness of bark and 52 per cent borer free. 
Planting G 
The western Decatur county planting had soil with 
characteristics similar to that of the eastern Decatur 
planting (Table 6, Figure 17). The volume weight of the 
surface soil was heavier in this planting, 1.262, and there 
was 5 per cent less raacropore space in the surface 1.5 inches. 
The calculated wilting per cent is 4 per cent higher at the 
12 inch levele 
«.98»" 
The climatic dataware the same for this planting as for 
the eastern Decatur planting (Tables 7, 8, 9). The average 
increment for this planting was the lovjest of all plantings, 
.20 inches per year (Figure 21). The per cent bark smooth­
ness was 58 and for percentage borer free 45 (Table 10). 
The borer was not responsible for the death of the trees nor 
was the weather. Another insect defoliated the trees causing 
their deaths. 
Planting H 
The physical measurements of the soil samples from the 
eastern Taylor county planting are summarized in Table 6 and 
the composition of the soil is graphically shown in Figure 
17. As shown in Figure 17 the soil aeration should have been 
fairly adequate down to at least the 36 inch level. The 
calculated wilting per cent was quite uniform for the 48 
Inches, samples running only from 13.4 to 14.7 per cent. 
The grov/ing season of 170 days was shorter than those 
of Davis and Appanoose counties (Table 7). The average tem­
perature for the season was 68.5° (Table 8). The precipita­
tion for the growing season was 4.08 inches which was one of 
the larger amounts recorded (Table 9, Figure 20). The incre­
ment was just below average (Figure 21), The bark smoothness 
and percentage borer free were botii 67 per cent (Table 10). 
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Planting I 
The weatarn Taylor county had a still greater percentage 
of macropore space in the soil, particularly at the 36 to 48 
inch level (Table 6, Figure 17). The calculated wilting per 
cent ran from 11.2 at the surface to 16>6 per cent at the 48 
inch depth. 
The growing season was 169 days for the years since 
planting (Table 7). The temperature average for the same 
period was 68.40 and the precipitation was 3.86 inches 
(Tables 8, 9). 
The bark smoothness and percentage borer free were 53 
and 63 per cent respectively (Table 10). 
Planting J 
The eastern Page county planting had less macropore 
space in the soil than the western Taylor site. The macropore 
space was continuous and was probably sufficient for adequate 
soil aeration (Table 6, Figure 17)« The highest calculated 
wilting per cent occurred at the 48 inch depth and was 11.9 
which is 4.7 per cent lesa than the comparable sample from 
the western Wayne planting. 
The growing season, since planting, was 169 days (Table 
7, Figure 18). The temperature for that same period was 
68.6° (Table 8). The annual precipitation per month during 
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the growing season was 3.86 inches, which was below average 
(Table 9, Figure 20} • The increment also fell belov/ the 
average (Figure 21). 
The trees average 63 per cent on smoothness of bark and 
66 per cent freedom from borer damage (Table 10)« 
Planting K 
The western Page county physical soil data is summarized 
in Table 6, In Figure 17 it can be seen that the macropore 
space increased sharply from the 24 to 36 inch levels. This 
was due to striking sand at approximately 30 inches. The 
sand continued to the 48 inch level, but was apparently 
finer at the lower depth. 
The climatic data .were the same for this planting as 
for the eastern Page county planting (Tables 7, 8, 9). In 
Figure 21 it can be seen that the increment was greater for 
this planting than for Planting J. The trees were only 31 
and 28 per cent smooth and borer free respectively (Table 10), 
Planting L 
The eastern Fremont county site presented an odd picture 
with respect to soil macropore space. In Figure 17 or Table 
6 it is readily seen that the macropore space pinched off 
sharply at the 6 inch level and opened up both above and 
below. This did not appear to be due to an increase in 
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raicropore space, but rather to a compaction of the soil at 
that level. The wilting per cent for that level vms lower 
"by .6 per cent than for any of the other 5 levels tested. 
The growing season has averaged 162 days per year since 
planting (Table 7). The temperature for the same period 
averaged 69,9° which was next to the highest of all the 
counties (Table 8, Figure 19). The average monthly precipi­
tation of 4.06 inches was hi^er than was found in the 
counties on either aide (Table 9, Figure 20). 
Planting M 
The western Fremont county planting also appeared to 
have adequate soil aeration with 19.5 per cent macropore 
space from 0 to 6 inches smd a gradual drop to 4 per cent 
at 48 inches (Table 6, Figure 17)» The calculated wilting 
per cent ran from 11,5 at the surface to 12.6 at the 48 inch 
depth. 
The growing season averaged 166 days per year from the 
year of planting to 1949 (Table 7, Figure 18). The average 
growing season temperature was 70.0° (Table 8). Precipita­
tion per month during the growing seasons for the same period 
of years averaged 2.93 inches, which vms a little below that 
of most of the plantings (Table 9, Figure 20). \Vith a 44 
and 61 per cent bark smoothness and percentage borer free, 
respectively, the planting was not outstanding (Table 10). 
-102-
Plantlng N 
The aouthern Yifapello county planting had a soil with 
nearly 16 per cent macropore space down to the 24 inch level, 
and from 24 to 36 inches, it decreased to 3 per cent and at 
48 Inches was only 1 per cent (Table 6, Figure 17). The 
volume weights indicated that the decrease in macropore 
space was due to more and probably finer partioled mineral 
matter. The calculated wilting per cent for the different 
levels did not vary greatly at any depth. 
There were 177 days in the average growing season in 
this planting (Table 7). The average temperature was 69.1® 
(Table 8). Precipitation averaged 3.80 inches per month 
(Table 9). The bark smoothness was 57 per cent and the 
percentage borer free was 58 (Table 10), 
Planting _0 
The soil samples from the northern Wapello site had an 
unusual arrangement of macropore apace (Table 6, Figure 17). 
The zone from 12 to 24 inches was quite low in macropore 
space. The calculated wilting per cent for each of the 2 
levels, the 12 and 24 inch, were higjh, riinning 15,6 and 14.1 
respectively. 
The climatic data was the same as the southern Wapello 
planting, except that an additional year's data was included 
in the time since planting. The length of growing season 
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was 177 days, remaining unchanged (Table 7). The average 
temperature waa affected by the extra year and is increased 
0.3 degree to 69,4° (Table 8). The average precipitation was 
decreased by ,5 inch, which made it 3<,75 Inches per month and 
was next to the lowest in amount of precipitation (Table 9, 
Figure 20). 
The unusual feature of this planting was the survival 
of 51.4 per cent with only 20 per cent borer free (Table 10), 
Planting P 
The only Mahaska county planting used in this research 
had a soil in which the macropore space decreased to zero at 
the 36 inch level (Table 6, Figure 17). The wilting per cent 
was not high enough at any level to indicate a heavy clay soil. 
The average growing season in this county waa 174 days 
(Table 7). The average temperature was 68.1° (Table 8), 
Average monthly precipitation amounted to 3.70 inches, the 
lowest amount recorded for any of the planting sites (Table 9, 
Figure 20). The survival was very low, only 1,0 per cent 
(Table 10). The annual increment, as shown in Figure 21, was 
considerably below average. 
Planting £ 
The lone Poweshiek county planting had a soil which gave 
a nearly constant macropore percentage from the surface to 48 
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Inches (Table 6, Figure 17). The calculated wilting per cent 
was low, not over 10,2, for any of the 6 levels. 
The average growing season was not unusual in any respect 
It averaged 172 days for the years 1935 through 1949 (Table 7) 
The temperature and average monthly precipitation were only 
average, 67.8° and 4.06 inches (Tables 8, 9). The unusual 
feature of the planting is shown in Figure 21. The trees of 
this planting showed the greatest average increment of any 
planting examined. The trees were rated 47 per cent on 
smoothness of bark and 66 per cent borer free (Table 10), 
Plantlna R 
The southern Tama county soil samples resembled those 
of the Poweshiek county planting. The macropore space was 
large and continuous from the surface to the 48 inch level 
(Table 6, Figure 17). The calculated wilting percentage ran 
hi^er than those in the Poweshiek planting. 
The average number of days in a growing season, since 
planting, was 164 (Table 7). The temperature averaged 66,9° 
for that length of time (Table B). In average monthly 
precipitation during the growing season, this site had the 
fifth largest amount, 4,45 inches (Table 9, Figure 20). The 
survival of 79.5 per cent was the highest of any planting. 
The trees rated 79 per cent on smoothness and 86 per cent 
borer free (Table 10)• 
—X05"» 
Planting S 
The northern Tama county planting had an unusual distri­
bution of macropore space. The 6 inch depth had no macropore 
space at all. The lack of macropore space was not due to 
increased mineral matter, but to an increase in the micropore 
space from 36.0 per cent at the surface to 60,0 per cent at 
6 inches (Table 6, Figure 17). The calculated wilting per 
cent did not show a proportionate increase at the 6 inch 
depth as might have been expected. 
The planting has had an average of 163 days per growing 
season each year (Table 7). The average temperature during 
that time was 66.8° (Table 8). The average precipitation was 
4.18 inches per month (Table 9). The per cent bark smooth­
ness of 85 and per cent borer free of 83 show a correlation 
with the survival of 61.7 per cent (Table 10)• 
Planting T 
The southern Winneshiek planting had more macropore 
space at 36 inches than at the surface (Table 6, Figure 17). 
The calculated wilting per cent ran from 7.6 at the surface 
to 11.1 at 24 inches. 
The average number of days per growing season was 140, 
next to the lowest of all the plots (Table 7, Figure 18). 
The average temperature during the growing season was 65.0°, 
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th© lowest average temperature of any planting (Table 8, 
Figure 19). The average precipitation was 4.21 inches per 
month of growing season (Table 9). The average annual 
increment did not follow the growing season and temperature 
down but was above the average (Figure 21), The bark smooth­
ness was rated at 48 per cent and per cent borer free at 53 
(Table 10). 
Planting U 
The physical soil measurements for the northern Winne­
shiek county planting are siammarized in Table 6. The macro-
pore space was quite large in the upper 6 inches of the soil, 
but with limestone at the 12 inch level further measurements 
were impossible. Since the root bisects in Davis county 
showed that most of the roots are in the first 12 inches, 
the soil depth may be adequate for this planting. 
The growing season was the shortest recorded, averaging 
only 132 days per year (Table 7, Figure 18). The average 
temperature for the growing season was hi^er than that of 
the southern Winneshiek planting (Table 8, Figure 19). The 
monthly precipitation for the growing season was 4.55 inches, 
which was also higher than the southern Winneshiek (Table 9, 
Figure 20). 
The bark smoothness was 78 per cent and the percentage 
borer free was 79 (Table 10), 
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Statlatloal Analyses 
The statistical analyses of several of the factors are 
presented in Tables 11, 12, 13 and 14, In Table 11, the 
analysis of variance showed no statiatically significant 
Table 11. An analysis of variance of the 
macropore space at 6 depths in soil 
from 20 black locust plantings in 
12 Iowa counties, 1949. 
M. S, F 
Depths 19.5494 1.9134 
Sites 52.0552 5.0949^®"* 
D X S 10.2170 
"^^""Indicates significance at the 1^ level. 
difference between the average percentage of macropore 
space at the various depths within all the sites. Table 11 
also shows that the percentage macropore space did differ 
significantly among the sites. 
Table 12 presents the results of an analysis of variance 
of the moisture equivalent determinations. The moisture 
equivalent varies sufficiently at the various depths and 
among the sites to be statistically significant at the 1 per 
cent level. 
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An analysis of covariance of the years sfxjce planting 
and the number of trees per acre in 1949 showed no significant 
relationship (Table 13). 
Another analysis of covariance, spacing of trees and per 
cent s-urvival in 1949, showed a highly significant relation­
ship when adjusted to a common age (Table 14), The Poweshiek 
Table 12, An analysis of variance of the 
moisture equivalent of soil samples 
from 6 depths in 20 black locust 
plantings in 12 Iowa counties, 1949, 
M.S. P 
Depths 390.8421 15.2573-"-^' 
Sites 79.1161 3.0884-5^''^ 
D X S 25.6166 
Indicates significance at the 1^ level, 
county planting was left out of these analyses, due to lack 
of data on the original planting density. 
As noted in Table 10, the correlation coefficient for 
per cent smoothness of bark and per cent borer free was .9497, 
•which indicated a high degree of correlation between these 
two items. 
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Table 13. Analysis of covariance of years since the 
planting was made and the number of trees 
surviving in 20 black locust plantings in 
12 Iowa counties, 1949. 
M. S. P 
Years since planting 59,440,74 .2892 
No» trees survived 17,194.32 
Table 14. Analysis of covariance of the tree spacing 
and per cent survival in 20 black locust 
plantings in 12 Iowa counties, 1949, 
M. S. P 
Spacing 2,278.45 17.02^®^^ 
Per cent survival 133.86 
^•'^Indlcates significance at the Vfo level. 
Figure 22o Diagrammatic representation of 
typical periderm development in 
the stems of a badly borer damaged 
tree and a relatively undamaged 
tree, 1950. 
1. Transverse section from a 
relatively vindamaged tree. 
2. Transverse section from a 














J P E R I D E R M  
FUNCTIONAL 
PHLOEM 
- C A W B I U M  
"•Ill"" 
The Periderm of Black Locust as Related to Borer Damage 
The periderms of the stem samples of black locust were 
quite dissimilar. Samples from relatively undamaged trees 
consistently had smooth, continuous periderms, within the 
limits of each section examined. The sections from badly 
damaged trees showed wavy, distorted periderm in all but the 
newest periderm layer, which is a relatively smooth layer. 
There was considerable hyperplasia of the cells of the peri­
derm in the borer damaged tree samples. 
Two typical tranaverae sections of stem from badly borer 
damaged and undamaged trees are shown diagrammatically in 
Figure 22. The damaged section is not shown all the way to 
the outside, since the bark was too thick to allow a complete 
section to be drawn in a limited space. The lightly damaged 
section is complete from cambiim to the outside of the bark. 
Distortion of this type was consistently found associated 
with borer damaged trees. Since the sections of the stems 
were deliberately cut to exclude any actual borer holes, the 




Comparison of the habitats studied in i±iis investigation 
was difficult because the habitats were widely separated, and 
a complex interaction of factors was involved. The particular 
limiting factor may be different for each site and may vary 
with the shift in environmental conditions from day to day. 
It is necessary to evaluate the effects of changes a consider­
able time after those changes occurred. Interpretations must 
take into account the fact that weather records were not taken 
on each site, but that the data are those recorded at the 
nearest weather station in the county. 
The "good" plantings had no more than 700 trees per acre 
in 1949. In only one planting, the southern Wapello (E) 
planting, were the trees planted closer than 5x5 feet 
(Table 1). The spacing of the surviving trees of the good 
plantings was slightly less than 12 x 12 feet. The crown 
closure was approximately 80 per cent complete in these 
plantings. Since the black locust is classed as an intolerant 
tree, the rapid mortality appears to be at least partially 
the result of competition for light. The original spacing had 
a statistically significant effect on the per cent of survival 
(Table 14). The per cent mortality per year was less, with 
the exception of the eastern Fremont planting, in those 
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plantlnga with the wider spacinga (Table 1), The eastern 
Fremont county planting is a recent one and it might well be 
that the mortality in all the plantings was much greater 
during the earlier years and decreased as the density was 
reduced by the death of numerous trees. 
There were several conslatent factors in the "good" 
plantings. The growing season was over 167 days for all but 
the eastern Fremont (L) planting (Table 7). The growing 
season temperatures averaged 68.0° or more, except for the 
Poweshiek (Q) planting (Table 8). The slopes on which the 
trees were planted vary in aspect but are all gradual, not 
over 7 per cent. The soil data indicate that the aeration 
of the soil was good (Table 6, Figure 17 
The plantings that exhibited greatest increment did not 
always show the greatest d.b.h. and tree height. The eastern 
Decatur planting is one such case (Table 2). Although this 
planting was made in 1937, the tree rings of the average 
trees go back only to 1944 (Table 3). There are several 
possible reasons for this. Trees of the indefinite growth 
type continue growth in the fall until lack of water or killing 
frost stops their growth and the succulent groinrth freezes back 
almost to the ground level. The U. S. Vifeather Bureau 
Climatological data (74) indicate that a killing frost occurred 
3 weeks earlier than usual in 1942. This frost might have 
been responsible for killing back the trees of this planting. 
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Another possibility la a late frost in the spring which killed 
back new growth. Another possible reason for the deficiency 
of annual rings in this planting is that extensive damage, due 
to weather, borers or other factors, might have induced 
sprouting. These sprouts, dating back to only 1943 or 1944 
could have been the average trees of the stand in 1949. 
The root systems of a group of trees, frozen back in the 
manner suggested, would be relatively unharmed. Vv'ith a root 
system already established, the sprouts could then use most 
of the photosynthate for top growth. This would account for 
the high relative increment rating of the east Decatur plant­
ing, whereas it ranked so low in tree height and d.b.h. 
The other "good" plantings did not present such an 
anomalous appearance in height and d.b.h. The eastern Fremont 
county trees are shorter than average but are near the average 
in diameter measurements (Table 2). The tree rings in the 
"good" plantings, other than the eastern Decatur site, all go 
back to within a year of the planting date. This would indi­
cate that they have not been frozen back as severely, if at 
all, as the eastern Decatur trees probably were. 
Examination of the increment data in Table 3 indicates 
that the eastern plantings in both Decatur and Fremont 
counties had poor years in 1948, averaging only .16 and .14 
inches increment, respectively. The length of the growing 
season in each case was above average in 1948 (Table 7). 
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The average monthly ten^perature for the 1948 growing season 
was bel-)w average, but probably not enough below to account 
for the drop in increment (Table 8). The average monthly 
precipitations however, was far below average in both cases. 
The eastern Fremont area had the same general deficiency. It 
would appear that the poor year of 1948 was due almost in its 
entirety to a lack of adequate precipitation. 
The greater than average amount of bare ground found in 
the Poweshiek planting was probably due to the practice of 
allowing hogs to graze the planted area. The greater than 
a'/erage amount of bare ground in the eastern Wapello planting 
is harder to explain. It was probably due to the competition 
for light caused by the much greater than average number of 
shrubs and vines (Table 4), 
The factor of soil aeration is considered to be of prime 
importance in satisfactory tree growth by several vjorkers 
(13, 14, 58). The macropore space found in the soil of the 
"good" plantings did not drop below 10 per cent in the first 
foot of soil (Table 6, Figure 17). The greatest number of 
black locust roots grov; in the upper soil levels and would be 
affected most by the aeration v/ithin the first 12 inches of 
soil (Table 5, Figures 14, 15, 16). The macropore space was 
adequate in all the "good" plantings and therefore was not a 
limiting factor in the tree growth. 
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The moisture equivalent, which is often used as an esti­
mate of field capacity, was above 20 in nearly all the soil 
levels of the "good" plantings. Since the calculated field 
capacity was 20 per cent or more in most of the soil samples, 
the field capacity was probably not limiting. 
The "medium" plantings averaged over 200 trees per acre 
more than the "good" plantings (Table 1), As might be expected 
from the foregoing statement, their average per cent survival 
in 1949 was nearly 10 per cent higher than that of the "good" 
plantings. This difference in density of the stands probably 
explains the differences in the increment. If the volume 
increment instead of the diameter increment were used, the 
"medium" plantings would very likely receive the "good" 
rating. 
The problem with the "mediW plantings was the explana­
tion of the greater survival rate, associated with approxi­
mately average diameter increment. The plantings of this 
group were made on sites of two types. There were 4 plantings 
on low ground in a floodplain type of site. The other 6 
"medium" plantings were made on slopes ^ich averaged 12 per 
cent or more. These were somewhat more extreme situations 
with regard to the habitat than were found in the "good" 
plantings. On the other hand, the steeper slopes can provide 
some degree of protection from the weather. A slope also 
provides better drainage and thereby improves soil aeration. 
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The plantings which were on lev/ ground might also have been 
afforded some protection by the adjoining slopes and hills. 
The low ground plantings all had good soil aeration (Table 6, 
Figure 17). The northern I'Jinneahiek planting had limestone 
at the 12 inch level which explains the drop to zero macropore 
space at that depth. The factors contributing to greater than 
average survival of the medium group were chiefly the protec­
tion afforded the planting site by the adjacent terrain and 
the excellent soil aeration. 
If the tree heists for the "medium" plantings are 
adjusted for variation in the age of the trees, the northern 
Tama county planting (S) had the greatest height growth per 
year. The climatic factors affecting this planting were 
below average with the exception of precipitation, which was 
slightly above average (Tables 7, 8, 9). The aeration 
porosity of the 6 inch soil layer was zero. The same soil 
level had a porous plate "field capacity" of more than 50 
per cent (Table 6). The much greater than normal water 
storage in the 6 inch zone, coupled with better than average 
precipitation, may have compensated for the lack of aeration 
porosity at the 6 inch level and improved survival. 
The southern Tama county planting ^R) was remarkable for 
its high percentage of survival. This planting was in a 
sheltered spot surrounded by high slopes on all aides and the 
trees were growing on exceptionally well aerated soil. The 
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protectlon of the surrounding hills plus the channeling of 
extra moisture from the slopes into the area, probably 
accounts for the hi^^ survival rate* Suppressed, poorly 
developed trees are less able to withstand borer damage, but 
these trees were planted in a long narrow belt along the banks 
of 1 small creek. The narrowness of the planting would reduce 
the competition for light. This would reduce the high mortal­
ity rate which results ^ en a large number of trees in a stand 
are overtopped and suppressed. 
The importance of greater than average precipitation in 
the growth of trees in lovm is shown by comparing the annual 
increment with the precipitation data for the same year. The 
eastern Taylor county planting (H) had an increment of 0,60 
inches in 1943, The corresponding average monthly precipita­
tion for the growing season of 1943 was 5,57 inches, over an 
inch above the normal precipitation. The 0,60 increment was 
0,27 inches more than the average increment, or nearly 100 
per cent above average, for this planting and was apparently 
the result of only 25 per cent more than average precipitation. 
The growing season for that area was only 8 days longer than 
average and the temperature was several degrees lower than 
average. This is an excellent example of the response of 
trees to a more moist habitat. 
Another factor which must be considered when evaluating 
the growth responses of the "medium" group is precipitation 
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evaporatlorj ratio of the geographic location of the planting. 
The northern Winneshiek county planting had a lov/er than aver­
age increment in 1948. The precipitation in the area was only 
62 per cent of normal that same year. The 30 per cent reduc­
tion in increment waa a result of a 40 per cent decrease in 
precipitation. The increment of the aouthera Tama planting (R) 
was 70 per cent below its average. The rainfall for the same 
year was leas than 50 per cent below average. The difference 
between a 70 per cent reduction in increment in the Tama plant­
ing, and the 30 per cent reduction in the Winneshiek planting, 
is great enough to require more of an explanation than that 
provided by the 10 per cent difference in average rainfall. 
One result of such a reduction of the precipitation-evaporation 
ratio could be a growth difference similar to the increment 
differences between the Tama and Winneshiek plantings. 
The factors that limited the performance of the "poor" 
group in these experiments are important as a guide to future 
use of black locust. The "poor" group of plantings were all 
found on slopes averaging 8 per cent or more. This group 
was the lowest in survival rate. The tree density waa the 
poorest of the 3 groups, also, with an average of 503 trees 
per acre. The tree height was 8 feet below the total average 
of all groups. 
The macropore apace of the soil of both the "good" and 
the "medium" plantings was essentially the same in the first 
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6 inches (Table 6, Figure 17). However, at the 12 inch level, 
the macropore apace In the poor plantings was much leas than 
in the "good" and "medium" plantings. This difference was a 
serious detriment to good tree growth, since the root bisects 
in Davis county showed the importance of the first 12 inches 
of soil with respect to root distribution. 
The northern Wapello planting and the Mahaska planting 
had the lowest average monthly precipitation of all the plant­
ings. The difference in rainfall between these 2 plantings 
and that of the southern Wapello planting, which rated "good", 
is only 0,1 inch or less. That would hardly suffice as an 
explanation of the differences in growth. The differences in 
the length of growing season and growing season temperatures 
were not sufficient to explain the low rate of growth. 
The year 1937, in which the western Appanoose (G) plant­
ing was made, was dryer than average (Table 9). The follow­
ing 3 years were also below average in precipitation, with 
1940 having 1.5 inches Is sa rain than normal. The western 
Appanoose planting must have been severely damaged during this 
period because the annual rings can be traced back only to 
1941. The young trees were probably killed back by the 
drought in combination with borer damage. Borer damage is 
known to be more severe during periods of drou^t. The 
western Decatur planting (G) apparently experienced a series 
of dry years and drought damage similar to that of the foregoing 
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planting. The damage to the trees was similar in extent to 
that of the western Appanoose planting, a loss of the first 4 
years' growth. 
The Mahaska and northern Wapello plantings did not under­
go as severe a drought as the western Appanoose and western 
Decatur plantings. They both had somewhat drier than average 
weather, but the driest years alternated with years of more 
nearly average precipitation. As a result, the annual rings 
were complete in the northern Wapello planting and only 1 was 
lost in the Mahaska county planting. The "poor" trees, then, 
were poor primarily because of one or both of two factors. 
The soil aeration was inadequate, or the precipitation was 
below the point at which satisfactory tree growth could be 
maintained. 
Climate can be discussed on a broad geographic basis and 
for long periods of years with a fair degree of assurance. 
The period of growth of the trees used for this investigation 
has been too short for the seasonal climatic inequalities to 
average out completely. 
One planting in Decatur county rated "good" and the other 
"poor", A generalization on the advisability of planting 
black locust in that county therefore becomes very difficult. 
Obviously, there was more than just climate affecting the 
success and failure of the 2 plantings. If the contradictory 
evidence of the greater survival in the "medium" plantings than 
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In the "good" plantings is considered, there must have been 
more than just climate and aeration Involved. Aeration is 
Important; a lack of adequate aeration is probably enough 
in itself to cause the failure of a planting. On the other 
hand, sub-optimum aeration might, if other conditions Y^ere 
favorable, merely reduce the rate of growth, and increase the 
mortality somewhat. Climate is also important, but as shown 
in Figures 18, 19 and 20, a comparatively wide variation is 
possible without seriously affecting the growth of the trees, 
if other conditions are favorable. 
The local environment is decisive in the success and 
failure of black locust plantings. A decision to plant black 
locust in an area which has a broad climatic and edaphic 
suitability may well be wrong. The appropriateness of a 
planting site must be judged on the basis of that site, not on 
a regional basis. Good soil structure may compensate for a 
small deficit in rainfall and more than adequate rainfall might 
make up for a soil with a low water holding capacity. The 
distribution of "good", "medium", and "poor" plantings did 
not follow any consistent geographic pattern. The "poor" 
plantings did occupy areas of lower than average precipitation, 
with one exception. Differences in precipitation are small 
enough that local topography and soil conditions are adequate 
to compensate for geographic location or to accentuate its 
deficiencies. 
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Moderate grazing does not help the growth of black locust, 
nor does it apparently do great harm, unless the planting site 
is one which could be considered a "marginal" site on the 
basis of topography and soil structure. There were "good" 
plantings which had been grazed and "poor" plantings which 
were ungrazed. 
A protected location, one sheltered from hot suxmner winds 
and v/ith a continuous passage for cold air drainage, seemed 
to be preferable. This statement is based upon examination of 
planting sites where plantings had been made, but have died 
out and had been removed. 
Soil fertility is another factor which, though not 
measured in this investigation directly, can be judged in 
the field by using the plants growing upon the site as indi­
cators • 
The spacing of the trees in the planting was probably 
dictated by the need for holding the soil in many cases. It 
would appear that a planting made for the purpose of growing 
posts or for wildlife cover would be best if spaced not closer 
than 6x6 feet, with an expected mortality of 30 to 40 per 
cent within 10 years. These figures would apply to a care­
fully selected site with the previously mentioned character­
istics. Any closer spacing seemed to be a waste of planting 
stock, since the mortality rate was, in most cases, very high 
for such plantings. 
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A certain amount of borer Infestation has been regarded 
as normal in black loouat plantings. The hi^ correlation 
between bark smoothness and freedom from borer damage has been 
noted. The periderm study showed quite clearly that roughness 
is associated with hyperplasia of the cells of the periderm. 
Furthermore, the factor must be active over a distance because 
only those stem sections which were free of borer damage were 
examined. Further study of the relative resistance of smooth 
and rough barked trees would be worthwhile if it were possible 
to obtain cuttings from trees of a highly resistant strain. 
Due to the previously mentioned difficulties in inter­
preting county-wide weather records for use in a particular 
habitat, it would appear worthwhile to investigate 2 or more 
extremes among the plantings on a microclimatic basis. Such 
a microclimatic study was not feasible due to the widespread 
nature of the plantings used in this investigation and to the 
large number of plantings. Plantings suitable for such work 
might be found in Decatur or Wapello counties, where there are 
"good" and "poor" plantings in each county. 
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SUMIVIARY 
1. This investigation was initiated to determine, aa 
quantitatively as possible, the response of black locust to 
variation in environment in Iov;a. 
2. Plantings suitable for the above purpose were made 
by the U, S. Soil Conservation Service between 1935 and 1942. 
Plantings in 7 of the southern tier of counties were used. 
These started with Davis county and continued westward, with 
the exception of Ringgold county, to the Missouri River. 
Plantings in a discontinuous series of 5 counties northward 
to the Minnesota border from Davis county were used. There 
were 21 plantings included in the investigation. 
3. The sample of each planting was taken on a line at 
20 pace intervals through the planting. Each unit of the 
sample was a l/lOO acre circular area. Physical measurements 
of the trees were taken. Average trees were bored for yearly 
increment data. Qualitative estimates of bark smoothness 
and borer damage were made for all trees sampled. 
4. The original tree spacing was obtained from t^e 
planting records and is compared with the spacing of the trees 
surviving in 1949. The spacing and survival were analyzed 
statistically and the spacing was found to be highly signifi­
cant with respect to survival. The average spacing of the 
trees surviving in 1949 was approximately 12 x 12 feet. An 
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analyala of covariance of the years since planting and tree 
survival showed that there was no significant relationship 
between the two. 
5. For purposes of discussion the plantings were arbi­
trarily classed as "good", "medium" and "poor" on the basis 
of their average annual increment. 
6. Ground cover was determined using the point list 
method. Individual species v;ithin plantings were identified 
in a separate survey. Grazing usually resulted in a decrease 
in grass cover and an increase in annual vegetation, 
7. The soil in each planting was sampled in 6 zones to 
a depth of 4 feet. Volume weight, macropore space, micropore 
space and moisture equivalent were determined for all samples. 
The macropore space of the soil was significantly different 
between planting sites. The moisture equivalent was signifi­
cantly different among the depths and between sites. 
8. Bisect studies of the root growth habits of black 
locust were made in the Davis county planting. The roots 
grew almost entirely in the upper 12 inches of soil. Cul­
tural site treatments were effective in increasing the depth 
at which numerous roots were found growing. 
9. The average length of the growing season, average 
monthly precipitation for the growing season and the average 
temperature prevailing during the growing season were sum­
marized for all plantings on the basis of regicn al data. 
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10. The general weather data for the areas did not always 
correspond with the growth data. Discrepancies were attributed 
to modifications in the climate of the habitat by the topography 
and vegetation in and around the planting site and, or, to soil 
differences between planting sites# 
11. The principal factors affecting the growth of black 
locust in the 12 counties investigated were precipitation, 
soil aeration and unseasonably early or late killing frosts. 
12. Hyperplasia of the periderm cells was consistently 
found in association with borer damage. The agency causing 
the hyperplasia must have been active over a distance within 
the plant since the sections examined were free of borer 
damage. The smoothness of the bark and freedom from borer 
damage were highly correlated. 
13. The data seem to indicate that planting sites for 
black locust in southern or eastern Iowa should have not less 
than 10 per cent macropore space in the first 12 inches of 
soil. The macropore space should be continuous to depths of 
24 to 36 inches to facilitate good drainage. The planting 
should not be in low areas which are periodically flooded. 
The site should be sheltered but not in an area where cold 
air will flow in and accumulate. The soil should have a 
reasonably high field capacity without a high wilting per cent. 
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